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ABSTRACT 

The Federal Government has acknowledged its key role 
in educating and assuring an adequate supply of scientists and 
engineers since World War II. Although scientists and engineers 
represent only three percent of the national work force, they are 
considered by many to be a crucial element in the nation's efforts to 
improve its economic competitiveness and national security. As a 
result of this study, it was found that a decline in the college-age 
population in the next decade and an increase in the fraction of the 
18 to 24-year-old cohort that will be drawn from minority populations 
could affect the supply of scientists and engineers. In general, 
there does not seem to be evidence for concern that demographic 
trends will lead to shortages. This memorandum contains the 
following: (1) '^Executive Summary**; (2) "Overview and Findings"; (3) 
"Demographic Trends: Undergraduate and Graduate Education"; (4) 
"Demographic Trends and the Academic Market for Science and 
Engineering Ph.D.s"; (5) "The Industrial Market for Engineers"; and 
(6) "Demographics and Equality of Opportunity." Also two appendices 
are included. One discusses the education and utilization of 
biomedical research personnel. The second lists responses to a survey 
on factors affecting minority participation in science and 
engineering. (RT) 
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Foreword 



Scientists and engineers represent only 3 percent of the national work force, but 
they are crucial to the Nation s efforts to improve its economic competitiveness and 
national security. Their work makes possible advances in knowledge that improve t^he 
well-being of people all over the world. 

This technical memorandum explores the effect that charges in the size and com- 
position of the U.S. population may have on the science and engineering work force 
The study was requested by the Science Policy Task Force of the House Committee 
on Science and Technology. 

OTA concluded that while demographic trends are important and should be con- 
sidered in thinking about future scientific output, they are not a controlling variable. 
The flexibility of the American education system and the adaptability of our scientists 
and engineers enable market forces and career choices to play a dominant role in balancing 
supply with demand. OTA also concluded that it is important to maintain and strengthen 
existing efforts to improve access to scientific and engineering careers for disadvantaged 
groups. 
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Executive Summary 



The key role of the Federal Govemnent in edu- 
cating and assuring an adequate supply of scien- 
tists and engineers has been acknowledged since 
the close of World War II. Scientists (including 
social scientists; see figure 1) and engineers rep- 
resent only 3 percent of the national work fo^ce, 
but are considered by many to be a crucial ele- 
ment in the Nation's efforts to improve its eco- 
nomic competitiveness and national security. The 
Office of Technology Assessment was asked by 
the Task Force on Science Policy of the House 
Committee on Science and Technology to exam- 
ine the implicafions of long-term demographic 
trends for scientific and engineering personnel pol- 



icy, and to consider as well the barriers to and 
future trends in the participation of women and 
minorities in scientific and engineering careers. 

OTA found two significant demographic trends 
that could affect the supply of scientists and engi- 
neers. The first is a decline hi the college-age pop- 
ulation in the next decade. The number of 18 to 
24 year olds will drop from a peak of 30 million 
in 1982 to about 24 million in 1995, or by 22 per- 
cent. Labor market specialists estimate that the 
decline in 18 to 24 year olds could leid to a drop 
in college enrollments of 12 to 16 percent between 
now and 1995. 



Figure 1 —Population of U.S. Scientists and Engineers b; Field, 1983 




SOURCE National Science Foundation, Science and Technology 9^ „jsF 85-305, January 1985. pp 53-65 
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Second is an increase in the fraction of the 18 
to 24 year old cohort that will be drawn from mi- 
nority populations, including blacks, Hispanics 
and Asian-Americans These groups, with the ex- 
ception of Asian- Americans, have historically par- 
ticipated less actively in science and engineering 
education than whites. 

Scienc engineering baccalaureates have 
cons' ^uteu z8 to 32 pu* .ent of the total number 
of bachelor's degrees awarded in every year since 
1952 (about 300,000 have been awarded annually 
in science and engineering si; "re 1972). If this 
historical ratio continue, the expected drop in col- 
lege enrollments and changes in the student mix 
would lead to a decline in the number of scien- 
tists and engineers being produced by the Nation's 
higher education system. If, as has been argued, 
the Nation will require an increasing number of 
scientists and engineers to meet its national secu- 
rity, economic growth, and technological inno- 
vation requirements, this possible decline in sci- 
ence and engineering baccalaureates could pose 
a significant problem. Fortunately, OTA finds this 
scenario to be unconvincing. 

It is entirely possible that the supply of people 
trained in science and engineering will not decli. * 
at all, despite the drop in the college age popula- 
tion. This is possible for several reasons. First, the 
decline in enrollment may not be as severe as pre- 
dicted. The proportion of 25 to 44 year olds who 
attend college, and whose population cohort will 
not be decreasing, has increased dramatically in 
the past decade, especially among women. The 
number of foreign nationals attending U.S. col- 
leges and universities has increased more than ten- 
fold m the past 30 years. If increases of 25 to 44 
year olds and foreign nationals continue over the 
next decade, they could compensate, in part, f jr 
the decline in the number of 18 to 24 year olds. 

Second, there could be increases in the rate at 
which college students choose to major in science 
and enginetring. Less than 7 percent of the mem- 
bers of a given age cohort currently receive a 
bachelor's degree in a science or engineering field. 
This is near the low point of the last decade. A 
slight increase in the rate of selection of science 
and engineering careers among college age stu- 
dents could more than compensate for the decline 
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in 18 to 24 year olds projected for the 1982-95 time 
frame. For example, if the rate of attainment of 
scieace and engineering bachelor's degrees were 
to incr*»ase from the 1^82 level of 6.8 percent of 
the 22 year old population to the 1973 level c' 
8.2 percent that would cause a rise in ' e num- 
ber of degrees awarded in these fields of 20 per- 
cent, which would exceed the projected demo- 
graphic decline. Projections of shortage might well 
serve to increase science and engineering enroll- 
ments, as the labor market responds by promis- 
ing increased pay or better job opportunities. 

Third, science and engineering workers can be 
obtained by employing a higher proportion of 
those obtaining the required undergraduate de- 
grees, and drawing on the existing talent pool. 
Less than two-thirds of the science and engineer- 
ing baccalaureates produced in recent years have 
actually become part of the science and engineer- 
ing work force. 

Finally, on the graduate level, there appears to 
be no direct relationship between the number of 
Ph.D.s in science and engineering, and the size 
of the graduate school age population. Between 
1960 and 3970 the number of full-time graduate 
science and engineering stt dents enrolled in U.S. 
institutions of higher ec'ucation increased 150 per- 
cent, and the number of science and engineering 
Ph.D.s awarded increased 183 percent. At the 
same time the population of 22 to 34 year olds— 
the group which supplies the majority of gradu- 
ate students— increased only 18 percent. Between 
1970 and 1983, by contrast, science and engineer- 
ing enrollments increased by only 36 percent and 
annual doctorates awarded by 1 percent, but the 
22 to 34 year old population increased by more 
than 50 percent. Accordingly, the reduction in the 
size of the college-age cohort does not inevitably 
lead to a reduced supply of scientists and engineers. 

There is no national market for scientists and 
engineers as a group. Rather, there are specific 
markets for graduates trained in particular dis- 
ciplines, and these markets and disciplines can ex- 
perience very different conditions at the same 
time. For example, the National Science Founda- 
tion (NSF; projected in 1982 that the demand for 
electrical and aeronautical engineers and for com- 
puter specialists could exceed the supply of grad- 

.3 



5 



uales in those fields by as much as 30 percent ove*- 
the next 5 years, while at the same time there 
would be significantly fewer openings for biolo- 
gists, chemists, geologists, physicists, mathema- 
ticians, chemical, civil, and mechanical engineers 
than there would be trained degree-holders. Thus, 
it is indi /idual disciplines, especially those linked 
with high growth or defense-oriented industries, 
that could experience personnel problems in the 
future; not "science and engineering" as a whole. 

This finding is encouraging, because individ- 
ual disciplines have shown great ability to grow 
and shrink as market conditions require. The 
number of engineering baccalaureates, for exam- 
ple, more than doubled between 1976 and 1984. 
The number of bachelor's degrees in computer and 
informational science tripled between 1977 and 
1982. At the same t^me, those in education, for- 
eign languages, anthropology, history, and sociol- 
ogy all fell by 30 percent or more. Thus, college 
students appear to be highly responsive to mar- 
ket signals, and appear to shift their career choices 
dramatically toward fields that promise greater 
occupational rewards. OTA concludes that career 
choices and market forces have a greater impact 
on the supply of scientists and engineers than do 
demographic trends. 

The possible decline in student enrollments dis- 
cussed above, coupled with a low retirement rate 
among current faculty (most of whom were hired 
in the late 1960s and will not retire until the late 
1990s), will lead to a very weak academic niar- 
ket for new Ph.D.s in the next decade. Studies 
carried out by a number of analysts in the late 
1970s and early 1980s found that the annual de- 
mand for new junior faculty in the decade between 
1985 and 1995 would fall to less than half of the 
levels experienced in the early 1970s. The annual 
academic demand for new science ':nd engineer- 
ing Ph.D.s could fall to as low -is one-third the 
rate of hiring experienced in thr 1970s during the 
1985-95 time period. In the ^die 1990s the aca- 
demic requirements for new junior faculty in gen- 
eral, and for new Ph.D. scientists and engineers 
in particular, should increase substantially, due 
to increases in both enrollments and retirements. 
In both cr*^es the demand will most probably re- 
turn to the levels experienced in the early 1970s 



and remain there through the first decade of the 
21st century. The pattern of decline followed by 
increase will be experienced separately over the 
next quarter century by each of the major science 
and engineering fields. Although these paltems 
are generally acknowledged by experts in the field, 
considerable additional research is rec ired to re 
solve uncertainties in the input assumptions to the 
projections— enrollments, retirements, resigna- 
tions, tenure rates, and others. The consensus of 
experts is that a combination of faculty and stu- 
dent demographics will lead to a weak academic 
market for new Ph.D.s over the next decade, fol- 
lowed by an upsurge in academic hiring between 
1995 and 2010. 

In industry the demand for Ph.D. scientists and 
engineers has been strong for the past decade. If 
it should continue strong through the next de. - 
ade, it could compensate for the decline in the pro- 
jected academic demand. By the year 2000 indus- 
try and academia could be in stiff competition for 
new science and engineering Ph.D.s. 

Apart from academia, however, where known 
demographic trends exert considerable influence, 
projections of supply and demand for scientists 
and engineers ir the overall economy are fraught 
with uncertainty and are relatively unreliable. 
Such projections depend on assumptions about 
the future behavior of variables such as gross na- 
tional product (GNP) growth, defense spending, 
technological change and Federal and industrial 
R&D ex: enditures, which themselves are not known 
with any degree of certainty. There is, moreover, 
no validated model that can reliably predict the 
career choices of undergraduates or graduate stu- 
dents, or their responsiveness to changes in de- 
mand in technical fields. In the absence of such 
a model, analysts have in the past tended to as- 
sume the continuation of existing trends, an as- 
sumption that can lead to gross inaccuracies. 
Given the problems with forecasting supply and 
demand for scientists and engineers, predictions 
of shortages based on such forecasts should be 
treated with considerable sk<»pticism. 

Most projections of shortages assume tacitly 
that demand and supply are independent, so that 
there can be no adjustment to supply-demand 
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gaps. This assumption makes sense, however, 
only under certain very restrictive conditions: 

1. that demand for the Hnal product is rela- 
tively unaffected by labor costs; 

2. that supply is not appreciably affected by 
wagi' changes; and 

3. that the skill shortages are unique, in that 
workers possessing them cannot be replaced 
by workers from other occupations or by 
new technology. 

If any of these conditions are violated, then a 
projected supply-dernand gap will be c'osed by 
market adjustment. On the supply side, an in- 
creasing number of entry-level professionals can 
become trained in the sliortage area, or experi- 
enced workers from neighboring specialties can 
move into the shortage occupation. On the de- 
mand side, employers can offer higher salaries, 
increase their search and recruiting efforts, re- 
arrange jobs to utilize available skills, education 
and experience more efficiently, or make larger 
investir nts in training and retraining of their ex- 
isting work force. It is more important to try to 
understand the process of adjustment of the tech- 
nical labor market to supply-demand imbalances 
than it is j!:o make long-term projections. 

On the supply side, we have seen that students 
shift their career interests to follow signals from 
the marketplace. However, this response is not 
a short-term remedy to a supply-demand gap be- 
cause it takes 4 years to train a new engineer and 
6 years (from the baccalaureate) to train a new 
scientist in the university. In a fast-moving mar- 
ket, the needs of employers may change by the 
time entering students graduate. 

Occupational mobility from related fields is the 
short-term response to shortages. The primary 
concern about occupational mobility from the em- 
ployer's point of view is that it may lower the 
quality of work or lead to expensive retraining. 
From a societal point of view, however, occupa- 
tional mobility appears to have served the Na- 
tion well in meeting its needs for technical per- 
sonnel. The Manhattan project in World War II 
the Apollo progi-^m in the 1960s, the environ- 
mental and errrgy programs of the 1970s and the 
rapid bvili * of the semiconductor and computer 
industries . relied successfully on the importa- 
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tion of scientific and technical talent from relaced 
fields. Many analysts consider the mobility and 
adaptability of the Nation's scientific and engi- 
neering work force to be one of its greatest 
strengths. 

Spot shortages among experienced scientists 
and engineers with specific areas of exp?rtise, as 
have been reported in surveys of electronics and 
computer firms, are probably inevitable. Wher* 
a new technology is developjed it simply takes time 
before there is a pool of technically trained per- 
sonnel who are experienced with the new tech- 
niques. There is no way to speed up this process 
more than minimally. The government could pos- 
sibly help by taking a more active role in promot- 
ing the retraining of experienced engineers. Mis- 
sion agency research and development programs 
in rapidly growing fields could possibly be mod- 
ified to serve a retraining function. Apart from 
such assistance, however, the government role in 
alleviating shortages of scientists and engineers 
appears quite limited. 

OTA finds that the chang'ug college student 
demographics of the coming decade have several 
important implications for national policy to pro- 
mote equality of opportunity in science and engi- 
neering. If the number of college graduates de- 
clines, it becomes especially important to utilize 
all potential human resources to the fullest extent 
possible. This means that increasing attention 
should be paid to those groups with historically 
weak participation rates in science and engineer- 
ing, such as women and some minorities. The in- 
creasing fraction of college students that will be 
drawn from the black and Hispanic populations, 
which have historically participated in science and 
engineering education and employment at far 
lower rates than thv^ white population, imply that 
programs aimed at increasing the participation of 
these two minority groups could be an especially 
important source of new talent. Thus, near-term 
demographic trends underline the importance of 
promoting equality of access to scientific and engi- 
neering careers for women and disadvantaged mi- 
norities. 

Two factors stand out as crucial impediments 
to women's participation in science and engineer- 
ing careers. The first is gender-stereotyped career 

* 
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expectations among younger women entering the 
science and engineering talent pool. These are 
manifested most dvamatically in the major field 
preferences of college freshmen where 20 percent 
of the men <^urvcyed in 1984 but only 3 percent 
of the women, lis:ed engineering as their field of 
choice. By contrast, only 4 percent of the men, 
but 21 per'-i It nf the women, listed education, 
nursing, or orcupational and physical therapy as 
their preferred major It appears that fields that 
are heavily associ^ited with "men's work" tend to 
be avoided by women, just as fields that arestereo- 
typically associ .ted with women are avoided by 
men. 

Girls' expectations of he: - they will be able to 
allocate their tim? during adulthood between par- 
ticipation in the labor force and work in the home 
also affects their career decisions. One analyst 
found that the more girls expect continuous la- 
bor force participation during adulthood, the 
more their occupational goals approximate those 
of their male counteiparts. She also found that 
male single parents make occupational and labor 
force adaptations to parenting that look like the 
occupational and labor force plans of young 
women who expect dual family and work respon- 
sibilities. As long as women expect to assume the 
major role in housekeeping and childrearing, and 
to sacrifice their professional interests to those of 
their husband, they will be less likely than men 
to select occupations like science and engineering 
that require major educational and labor force 
commitments. 

The second principal factor discouraging women 
from pursuing scientific and engineering careers 
is their differential treatment in the work force. 
Women's attrition rates from scientific and engi- 
neering careers are 50 percent higher than men s 
and their unemployment rates are more than dou- 
ble. Women's salaries are significantly lower than 
men's in almost all fields of science, in every em- 
ployment sector and at comparable leveis of ex- 
perience. In academia men are far more likely than 
women to hold tenure-track positions, to be pro- 
moted to tenure and to achieve full professorships, 
even when academic age, field, and quality of 
graduate schoo! attended are controlled for. 

The differential treatment of women in the 
work force is thought by some to be the most seri- 



ous violation of the principle of equality of op- 
portunity because it affects people who have 
established, by virtue of obtaining an advanced 
degree, the right to pursue a scientific or engineer- 
ing career based solely on the quality of their 
•Aork. It also has a significant discouraging effect 
on female students in the educational pipeline, 
who see the future benefits of their investment in 
science and engineering education eroded by po- 
tential unemployment and underutilization in the 
work force. In sum, gender-stereotyped career ex- 
pectations and differential treatment of women 
scientists in the work force are the two major fac- 
tors discouraging women from entering science 
and engineering. 

Among the minority groups that have been his- 
torically ur jrrepresented in science and engineer- 
ing, blacks, Hispanics, and American Indians re- 
ceive degrees in quantitative fields at less than half 
the rate of whites, reflecting both lower partici- 
pation in higher education and a lower rate of 
selectioii of quantitative fields. The causes of this 
underrepresentation are not well understood and 
could benefit from additional re/ arch. The qual- 
ity of academic preparedness in secondary schools 
is cited by many experts as the greatest factor 
affecting tSese minorities' academic performance 
and baccalaureate attainment in college. Aca- 
demic preparedness, however, appears to be re- 
lated to socioeconomic factors such as parents' 
educational levels and social class. According to 
one study, the difference in the choices of quan- 
titative majors across raci 1 and ethnic groups are 
eliminated when the person i: the second genera- 
tion of a family tc attend college. Social class, 
according to the same study, sef ms to be a proxy 
for a varieLy of family characteristics that affect 
school achievement, including the family's stress 
on achievement, language models in the home, 
academic guidance provided by the home, work 
habits and activities of the family, and the nature 
and quality of toys and games available to the 
child. They correlate very highly with children's 
achievement scores. 

Despite the formidable socioeconomic problems 
responsible for the low participation rates in 
science and engineering among blacks, Hispanics, 
and American Indians, there is considerable evi- 
dence that well-designed intervention programs 
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can assist these groups in obtaining access to 
science and engineering careers. To date these pro- 
grams for minorities have not been rigorously and 
systematically evaluated to determine the ingre- 
dients of success and tailure. Nor has any attempt 
h*!en made to expand the coverage of the more 
successful programs. NSF was mandated by Con- 
gre» to take a leadeiship role in this area, but thus 
far it has not done so. However, it appears safe 
to conclude that the socioeconomic factors that 
lead to poor academic performance and an in- 
ability to remain in the science and engineering 
''pipeline'' among blacks, Hispanics, and Amer- 
lean Indians can be compensated for, to some de- 
gree, by well-designed intervention programs. 

Finally, OTA examined the increasing partici- 
pation of foreign nationals in U.S. science and 
engineering education, which hcts raised a num- 
ber of unresolved policy issues. The number of 
foreijgn nationals enrolled in American institutions 
of higher education has increased by a factor of 
10 in the past three decades. Foreign students tend 
to enroll proportionately more often in enginee 
ing and medical sciences, and less in humanitie** 
and social sciences. They have assumed a very 
large share, 25 to 45 percent, of enrollments and 
doctoral degrees in graduate departments of engi- 
neering, physics, mathematics, and computer sci- 
ence, at the same time that the enrollment of 
American students in those departments declined. 

There is concern that because science and engi- 
neering education is capital-intensive, and because 
many science and engineering graduate students 
arc supported by Federal research assistantships, 
the United States is subsidizing the training of non- 
U.S. citizens. However, recent analysis indicates 
that foreign degree recipients appear to contrib- 
ute more than the full cost of their education to 
their host institution. In addition there are for- 
eign policy and goodwill benefits to the United 
States from the education of foreign citizens. It 
also appears that many graduate engineering de- 
partments would have had to curtail their research 
activities substantially without foreign graduate 
students. 

There is disagreement as to whether individuals 
admitted to the United States as students who 



complete a graduate degree here should be al- 
lowed to remain here to accept employment. 
Many employers say that they cannot fill certain 
research and faculty positions without foreign na- 
tionals. Some professional societies, on the other 
hand, contend that U.S.-educated foreign engi- 
neers are taking jobs at lower pay in ordei to re- 
main in this country, thus driving down salaries 
and reducing opportunities for U.S. enjjineers. 

Several authors have made reference to a 
"growing problem" of foreign nationals on engi- 
neering faculties. They contend that the draw- 
backs of an increasingly foreign bom faculty are 
limitations in their communications skills and 
difficulties they may have in adjusting their teach- 
ing and research styles to the expectations of 
American culture. Other observers note that for- 
eign national*: may be unable to work on indus- 
try or government projects with national security 
or economic competitiveness implications. The 
validity of these assertions has yet to be docu- 
mented. 

The situation with respect to foreign nationals 
can best be summarized by saying that although 
foreign nationals represent a large and growing 
fraction of science and engineering Ph.D.s, there 
is considerable disagreement over whether this 
constitutes a problem. 

In general, there does not appear to be convinc- 
ing cause for concern that demographic trends will 
lead to shortages of scientists and engineers. The 
labor market for technical personnel has a vari- 
ety of mechanisms for adjusting to potential sup- 
ply-demand imbalances, and these appear to work 
reasonably well, without any great need for gov- 
ernment intervention. However, the decline in the 
numbers of college graduates available for scien- 
tific and engineering careers in the next decade 
makes it increasingly important that all potential 
resources for the scientific and engineering work 
force be utilized to the fullest extent possible. For 
whis to happen, the problems experi<»nced by 
women, blacks, Hispanics, and other disadvan- 
taged groups in entering scientific and engineer- 
ing careers will havc to be better understood and 
addressed. 
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Chapter 1 

Overview and Findings 



BACKGROUND AND RATIONALE FOR THIS STUDY 



The key role of the Federal Governmert in edu- 
cating and assuring an adequate supply of scien- 
tists and engineers has been acknowledged sine** 
the close of World vVarlL' It was reemphasized 
in a series of reports from the President's Science 
Advisory Committee in the immediate post- 
Sputnik (1958 to 1962) era which, according to 
one analysts 

. articulated the national need for greater num- 
bers of scientists and engineers . . , and for 
stronger federal support for the training of man- 
power for basic res'rarch and for university level 
teaching. 

The current Administration has reaffirmed the 
Federal commitment to the education and train- 
ing of scientists and engineers, stating that:^ 

... we have to make sure that we derive educa- 
tional and training advantages from federally sup- 
ported research — because all of our expectations 



'See rienry A Moe, Chairman "Repcrt the Committee on the 
Discovery ai.d Development ot Scientific Talent, ' m \ annevar Bush, 
Science— The Endless Frontier, Office of Scienti ic Research and De- 
velopment (Washington, DC U S Government Pnnting Office, July 
1945), pp 13S-186 

^Susan Fallows, Federal Support for Graduate Education in the 
Sciences and Engineering, background paper prepared for the Ad 
Hcc Committee on Government-University Relationships in Sup- 
port of Science, National Academy of Sciences, 1983, p 5 

'US Congress, House, Testimony of Dr George A Keyworth, 
Director, Office of Science and Technology Policy, Executive Of- 
fice of the President,' 1Q83 Science ^nd Technology Posture Hear- 
ing With the Director of the Office of Science and Technology Pol- 
icy, Committee on Science and Technology, 9Sth Cong , 1st sess , 
Feb 3, 1983 (Washington, DC U S G^ ernmen* Printing Office 
1983;, p 15 



and opportunities for industrial progress call for 
a growing supply of skilled technical personnel. 

The Task Force on Science Policy of the House 
Committee on Science and Technology finds that 
"many of the changes in educational and man- 
power demands are related ir a significant way 
to general developments in the rates of birth and 
retirements." It believes that "these broad, dem- 
ographic changes, if prudently used in connection 
with other data, might well provide insights that 
help ariticipate future changes in enrollments and 
related developments."* To better understand 
whether demographic trends could be used to help 
anticipate changes in the requirements for edu- 
cation and training of scientists and engineers, tn^ 
Committee asked OTA to carry out a stady of 
"Demi^yaphic Trends and the Scientific and Engi- 
neering Work Force." As part of that study the 
Task Force on Science Policy recommended that 
OTA examine the effects of the "growing inter- 
est on the part of women and minorities" in pur- 
suing scientific careers and the "barriers to such 
participation and the means for lowering them."' 
This report is presented as OTA's response to the 
Committee's request, and a« its contribution to 
the national dialog on thi^ important aspect of 
Federal scjtnce policy. 



*V S Congress, House, An Agenda for a Study of Government 
Science Policy, report by the Task Force un Science Policy. Com- 
mittee on Science and Technology, 98th Cong , 2d sess , Senal MM 
(Washington, DC US Government Printing Office, 1985), p 30- 

'Ibid , p 31 



THE SCIENCE AND ENGINEERING WORK FORCE 



Scientists and engineers represent 3 percent of 
the national work force, but are considered by 
many to be a crucial element in the Nation's ef- 
forts to improve its economic competitiveness and 



national security. Professor Karl Willenbrock of 
Southern Methodist University expressed this sen- 
timent quite vividly in hearings on "Sci jntists and 
Engineers: Supply and Demand" before the Sci- 




11 



12 



cnce Policy Task Force of the House Committee 
on Science and Technology:^ 

The nation's economic vigor and quality of life, 
as well as military security, are strongly depend- 
ent on the number and quality of the engineers 
and scientists which the U.S. has available both 
now and in the future. Thus, the health and we?^ - 
being of the system which educates American 
youth in engineering and science, and enables the 
practicing engineer and scientist to stay at the 
forefront of rapidly developing fields of science 
and technology is a crucial part of the nation's 
science policy. 



*U S. Congress, House, "F. Karl Willenbrock, Testimony/' Com- 
mittee on Science and Technology, Science Policy Task Force, July 
10, 1P85, p 1. 



Employed scientists and engineers numberc.d 3.5 
million in 1983, an increase of 50 percent from 
1976. Dui ing that senne period the national em- 
ployed labor force only increased by 11 percent. 
The scientific and engineering work force is quite 
heterogeneous in its composition. Fifty-six per- 
cent of the total are engineers, predominantly elec- 
•^rical and electronic engineers (13 percent); me- 
chan'cal engineers (11 percent); and civil engineers 
(8 percent;. The remaining 44 percent are scien- 
tists, 11 percent each in the life and social sciences; 
10 percent each in the physical and computer sci- 
ences; and 3 percent in the mathematical sciences. 
Figure 1-1 presents the breakdown of the science 
and engineering work force by field. Among the 
scientists, one in five has completed the full doc- 
toral training that is generally considered neces- 



Figure M.-- Population of U.S. Scientists and Engineers by Fieic*, 1983 




SOURCE National Science Foundation SctBnce and Technology Resources, NSF-85 305 January 1985 
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sary for a research career. Nearly half hold only 
a bachelor's degree and a third have been edu- 
cated to the master's level. Engineers are even 
more he^vily concentrated at the bachelor's and 
master's h vel, as can be seen in figure 1-2. 

More than 80 percent of the Nation s engineers 
are employed in business and industry, v^ith 12 
percent in government and only 3 percent in edu- 
cation. The scientists are somewhat more evenly 
distributed among the three employment catego- 
ries, with 51 percent in business and industry, 17 
percent in government, and 24 percent in educa- 
timal institutions (see figure 1-3 for more details). 



Eighteen percent of the scientists, but only 4 per- 
cent of the engineers, list research as their primary 
work activity. Thirteen percent of the scientists, 
but only 2 percent of the engineers, list teaching 
as their primary activity. Development, by con- 
trast, is the principal work activity of 30 percent 
of the engineers but only 9 percent of the scien- 
tists (see figure 1-4).' 

The racial, sexual, and ethnic composition of 
the scientific and engineering work force is aiao 



Science and Technology Resources, NSF 85-305 (Washington, 
DC National Science Foundation, January 1985), pp 53-65. 



Figure 1-2.— Employed Scientists and Engineers by Highest Degree, 1983 

Scientists/engineers 
total = 3.5 million 
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SOURCE National Science Foundation, Science and Technotogf Resources, NSF 85-305 January 1985, pp 53-65 



Figure l l^Empioyed Scientists and Engineers by Sector, 1983 



Scientists/engineers 
total = 3.5 million 
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SOURCE National Science Foundation, Science and Technology Reaoiyrcet, NSF 85-305, January 1985. pp 53-i 
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Figure 1-4.— Employed Scientists* and Engineers by Primary Work Activity, 1983 



Sclentl9ts and engineers 
3,465,900 




tnciudes social scientists and Dsychoiogists 
SOURCE National Science Founda^on Saence and Technology Resource'i NSF 85-305 January i985 pp 53-6«i 



quite complex and varied. Blacks, who constitute 
10.4 percent of the national labor force, only con- 
stitute 2.6 percent of the scientists and engineers, 
ranging from a high of 6 percent of the social 
scientists to a low of 0.6 percent of the environ- 
mental scientists. Hispanics, who are 5.5 percent 
of the total labor force, represent only 2.3 per- 
cent of the Nation's scientists and engineers. At 
the other extreme, Asians, who constitute 1.6 per- 
cent of the national labor force, make up 4.5 per- 
cent of the science and engineering work force. 

Women make up 43.5 percent of the civilian 
labor force, but only 13.1 percent of the sci^n- 



ti?*^s and engineers. They are especially well repre- 
sented in the rriathematical sciences {45.8 percent) 
and psychology (40.9 percent), and especially 
poorly represented in engineering (3.5 percent) 
and physical science (11.7).^ There is concern that 
the low participation rates of women, blacks, and 
Hispanics in science and engineering reflect not 
only tastes and preferences but also social and cul- 
tural barriers to equal opportunity in those fields. 

^Professional Women and ^hnonties 5th ed (Washington, DC 
Scientific Manpower Commis>i»-)n, August 1^84). p ^6 . Statistical 
Abstract of the United States, l^S"^ Washngton, DC U S Depart- 
ment of Ccimmerce, Bureau ot the Census. 1^85). pp 391, 3Q2 
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DEMOGRAPHIC TRENDS AND THE POSSIBILITY 
OF FUTURE SHORTAGES 



The U.S. population grew from 152 to 234.5 
million between 1950 a .id 1983, and is projected 
to increase to 283 million by the year 2010.^ The 
rate of growth has slowed dramatically, from 19 
percent between 1950 and 1960 to 11 percent be- 
tween 1970 and 1980, and a projected 5.6 percent 
between 2000 and 2010. Within that overall 
growth, different subpopulations have experi- 
enced very different patterns of change, as can 
be seen fronr- figure 1-5.^^ The school age and pre- 
school populations (from birth to 17) grew rap- 
idly between 1950 and 1970, and have essentially 
leveled off since. The college and university age 
population (18 to 34) underwent significant ex- 

^ Projections of the Population of the United States, by Age, Sex 
and Race: 1983 to 2080, Series P-25, No 952 (Washington, DC 
U.S. Department of Commerce, Bureau of the Census, May 1984), 
table E, p. 7 See also. Statistical Abstract of the United States, 1985, 
op. cit., table 27, p 26 

^^Projections of the Population, op cit , table E, p. 7 



Figure 1-5.— U.S. Population by tVlajor Age Group, 
1950-2010 
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P P P 

Year 

SOURr J Proi0ctions of th» Poputatton of th9 Unit«d States, by Aga, Sex and 



Rac9 1983 to 2080, senes P 25, No 952 (Washington. DC U S 
Department of Commerce. Bureau of the Census, May 1984) table E, 
P 7 



pansion between 1960 and 1980, will contract in 
size again between 1990 and 2000, and then ex- 
pand somewhat between 2000 and 2010. The sen- 
ior working age population, 35 to 64 years old, 
will expand dramatically in size between 1980 and 
2010, as will the total number of elderly people, 
aged 65 and over. 

Figures 1-6 and 1-7" display these population 
changes in somewhat greater detail. They show 
the percentage of the population in each age group 
in every fifth year from 1950 to 2000 and the year 
2010. By following the bars from left to right on 
each graph one can trace the effects of the "baby 
boom" of the post World War II era on each pop- 
ulation group. The successive peaks in popula- 
tion— 1960-70 for the 5 to 13 year olds; 1975-85 
for the 18 to 24 year olds; 1990-2000 for the 35 
to 44 year olds— are exhibited, as are the subse- 
quent dramatic declines in the percentage shares 
of the different groups following the "baby 
boom," and the rather modest "baby boom echo" 
of the early 1980s. 

The groups of concern in this essay are the 18 
to 24 year olds and the 25 to 34 year olds, the 
two subpopulations that contribute in greatest 
numbers to undergraduate and graduate enroll- 
ments. Therefore, it is worth looking at the dem- 
ographic trends for these two subgroups in some- 
what greater depth. Figure 1-8^^ presents the 
population trends for 18 to 24 d 25 to 34 year 
olds over the 1950-2010 time period. The figure 
shows the dramatic increase in the former group 
between 1955 and 1980, doubling from 15 to 30 
million in that period. It shows as well the 23- 
percent decline projected for the 1980-95 time 
period, followed by an 18-percent increase be- 
tween 1995 and 2010. For the 25 to 34 year old 
group, there is a doubling in the 1965-90 time 
frame followed b' a decline of 16 percent between 
1990 and 2000. 

Each year about 300,000 college seniors, or 30 
percent of the graduating class, receive their 
bachelor's degree in a science or engineering field. 

'Ub.d., table F, p 8 
^^^bid , table E, p 7 
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Commerce. Bureau o' e Census. May 1984) table F, p 8 
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Figure 1-8.-18-24 Year Olds and 25-34 Year Oids 
in the U.S. Population, 1950-2010 
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SOURCE Proi9cUons of the Population of the United States, by Age. Sex and 
R"9 1983 to 208C. series P 25, No 952 (Washington DC U S 
C partmant of Commarce, Bureau of the Census, May 1984), table E, 
P 7 



This overall level has remained nearly constant 
fcr close to a decade, but there have been dra- 
matic fluctuations amoag fields (see examples on 
p. 21).^^ Science and engineering masters degrees 
have remained relatively constant in the 53,500 
to 56,500 per year range since 1972, with social 
science and engineering each accounting for more 
than 25 percent of the total. The number of science 
and engineering doctorates peaked at 19,000 in 
1972 and has fluctuated between 17,000 and 
18,000 a year since 1976.^* (See figures 1-9, 1-10 
and 1-11.^5) 

The relatively constant rate of production of 
scientists and engineers over the past decade co^ 'd 
be significantly affected by the projected dec.*ne 
in the cc''-*ge age population in the near future. 
Labor market specialists estimate that the decrease 
in 18 to 24 year olds discussed above could lead 
to a drop in college enrollments of 12 to 16 per- 
L ^t between now and 1995.^* 

"Scje/ice and Technology Resources, op cit , pp 73-74 

^* Science and Engineering Personnel A National Overview, NSF 

85-302 (Washington, DC National Science Foundation, 1985), pp 

154-156 

^^National Patterns of Science and Technology Resources, 1^84, 
NSF 84-311 (WasH:ngton, DC National Science Foundation, 1984), 
pp 29-30 

^Research Excellence Through the Vear 2000 {Washington, DC 
National Research Council, Commission of Human Resources, 1979), 
pp 12-15, William Bowen, Report of the President (Princeton, NJ 
Prmcetop University, April 1981), pp H-15 



Figure 1-9.— Science/Engineering Bachelor's and First-Professional Degrees Awarded by Field 



Aa a parcent of all bachelor's and firsi-profasslonai degrees 
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SOURCE HaUona{Scter\ceFour\(\a\iOr\, National Patterns of Scienca and Technology Resources NSF 84-311 l'^84 pp 29 and 30 
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Figure MO.— Science/Engineering Master's Degrees by Field 
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ndatton. Sitional Patterns of Science and Technology Resources, NSF 84-311. 1984, pp 29 and 30 



Figure 1 11,— Science/Fnglneering Doctorates Awarded by Field 
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In addition to these changes in the overall num- 
bers, there will be qualitative changes in the stu- 
dent mix that could affect science and engineer- 
ing. The percentage of minorities in the 18 to 24 
year old cohort will increase from 20 to about 27 
percent by 1998," so the increasing participation 
of blacks, Hispanics, Asian Americans, and other 
minorities in higher education that took place in 
the 1970s (minority enrollments increased 86 per- 
cent from 1972 to 1982) can be expected to con- 
tinue. (The decline in the rate of college enroll- 
ment among black high school graduates since 
1978 casts some doubt on this prediction as it re- 
lates to the black commuruty.) These groups, with 
the exception of Asian Americans, have histori- 
cally participated less actively in science and engi- 
neering education than the majority population. 
The numbers of women, part-time students and 
students in 2-year institutions all increased by 
about 70 percent in the decade from 1972 to 1982, 
approximately twice as rapidly as the overall in- 
crease in higher education enrollments." These 
groups also participate in science and engineer- 
ing education at lower rates than their white male 
full-time counterparts at 4-year colleges and uni- 
versities. 

Assuming that science and engineering degrees 
continue to represent no mere than 29 to 30 per- 
cent of the total baccalaureates awarded in any 
year, as they have since 1972, the decrease in the 
18 ^o 24 year old population could lead to a de- 
cline in the number of bachelor's level scientists 
and engineers being produced by the Nation's 



"Statistical Abstract, 1985 op cit , pp 26-34 
^'Digest of Educatton Statistics, 1983-1984 (Washington, DC Na- 
tional Center for Education Statistics, 1984), p 98 



higher education system of a corresponding 15 
percent by 1995. Similarly, the decline in 25 to 
34 year olds projected for the 1990-2000 time 
frame could lead to a possible decrease in the num- 
ber of science and engineering doctorates pro- 
duced in that time period. (The master's degree 
has considerably less meaning in science and engi- 
neering than it does in other fields, such as busi- 
ness, social work, and education, so it will not 
be discussed at any length in this technical memo- 
randum.) 

To investigate the likelihood of this possible de 
cline taking place, and its possible consequences 
for the Nation's scientific and technical enterprise, 
OTA examined the historical record on the rela- 
tionship between science and engineering degrees 
and demographic trends and on the labor mar- 
ket for science and engineering baccalaureates and 
Ph.D.s in industry and academia. OTA also re- 
viewed recent projections of supply and demand 
for scientists and engineers, consulted extensively 
with scientific and engineering labor market 
specialists and carried out a number of wdepend- 
ent studies and simulations on its own. OTA's 
findings from its investigation of science and engi- 
neering personnel issues are presented below. 
Findings 1 to 3 deal with population trends and 
the education and employment of science and 
engineering baccalaureates and Ph.D.s. Findings 
4 to 6 deal with projections of supply and demand, 
nd the functioning of the labor market for tech- 
nical personnel. Findings 7 to 10 examine the bar- 
riers to equality of opportunity in science and 
engineering careers experienced bv wc>men and 
some racial and ethnic minorities, and the spe- 
cial problems of foreign nationals in science and 
engineering education and employment. 



FINDINGS 



Finding 1 

Population trends, although important, do not 
have as great an impact on the supply of scien- 
tists and engineers as do career choices and mar- 
ket forces. 

Less than 7 percent of the members of a given 
age cohort currently receive a bachelor's degree 

ERIC 



in a science or engineering field. Less than 0.5 per- 
cent achieve the doctorate in one of those fields.^' 
These very s>mall pci vantages imply that changes 
in the overall size of the age cohort should have 
far less of an effect on the number of scientists 
and engineers produced in a given year than var- 

^*Saenceand Technology Resources, op cit , pp 74 and 78, Pro- 
jections of the Population, op cit , table 5, p 3^ 
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iations in the rate at which students choose to en- 
ter those fields. A slight increase in the rate of 
selection of science and engineering careers among 
college age students could more tnan compensate 
for the decline in 18 to 24 year olus projer.ed for 
the 1982-95 time frame. For example, if tl^e rate 
of attainment of science and engineering bache- 
lor's degrees were to increase from the 1982 level 
of 6.3 percent of the 22 year old population to 
the 1973 level of 8.2 percent, that would cause 
a rise in the number of degrees awarded in these 
fields of 20 percent. 

Less than two-thirds of those receiving science 
and engineering baccalaureates in recent years 
have actually become part of the science and engi- 
neering work force. The National Science Foun- 
dation (NSF^ conducted a survey of science and 
engineering bachelor's degree holders in 1982 to 
determine the experience of the 'lasses of 1980 and 
1981 in making the transition from school to 
work. It found that only 43 percent of the science 
and engineering baccalaureates from those 2 years 
were employed in a science or engineering field 
a year or two later. An additional 21 percent 
were enrolled in graduate school full time, al- 
though not necessarily in science or engineering. 
Twenty-eight percent were employed outside of 
science and engineering, 5 percent were unem- 
ployed and seeking employment, and 4 percent 
were outside the labor force. Thus, less than two- 
thirds of the 1980-81 science and engineering bac- 
calaureates were actuary in the science and engi- 
neering work force a year after graduation. This 
percentage varied from a low of 43 percent in the 
social sciences to a high of over 80 percent in engi- 
neering, computer science, and the physical sci- 
ences, with -mathematics and the life sciences 
directly in the middle, at 70 and 67 percent, re- 
spectively. 

There is, moreover, no national market for 
scientists and engineers as a group. Rather, there 
are individual markets for graduates trained in 
particular disciplines, and these markets and dis- 
ciplines experience very different conditions at the 
jame time. For example, there is currently alleged 

•"Saence and Engineering Degrees 1 950-1930. NSF 82-307 ( Wash- 
irgton, DC National Scjence Foundahon, 1982), , 60 

'^National Patterns Science & Technology Resources, 1984, op 
at , p 24 



to be an 8 percent vacancy rate in engineering 
faculty positions et a time when new Ph.D.s in 
sociology, mathematics, and other tields are hav- 
ing trouble finding university employment." NSF 
projects that the demand for electrical and aero- 
nautical engineers and for cor.puter specialists 
could exceed the supply of graduates in those 
fields by as much as 30 percent over the 1981-87 
time frame, while at the same time there will be 
significantly fewer openings for biologists, chem- 
ists, geologists, physicists, mathematicians, chem- 
ical, civil, and mechanical engineers than there 
will be trained degree holders." Nearly 28 per- 
cent of the science baccalaureate holders in 1981 
obtained employment outside of science and engi- 
neering in the same year that 40 percent of the 
firms responding to an NSF survey reported short- 
ages of engineers." Thus, it is individual dis- 
ciplines, especially those linked with high growth 
or defense-oriented industries, which could experi- 
ence problems; not "science and engineering^' as 
a whole. 

This finding is encouraging, because individ- 
ual disciplines have shown great ability to grow 
and shrink as market conditions require. The 
number of engineering baccalaureates, for exam- 
ple, more than doubled between 1976 and 1984." 
The number of bachelor's degrees in computer and 
informational science tripled between 1977 and 
1982, At the same time those in education, for- 
eign languages, anthropology, history, and sociol- 
ogy all fell by 30 percent or more." Thus, col- 
lege students appear to be highly responsive to 
market signals, and appear to shift their career 
cho. 3S dramatically toward fields that promise 
greater occupational rewards. Engineering and 
computer science have b en highly marketable 

"Michael S McPherson, The Slale of Academic Labor Markets," 
November 1984, draft, p 5 To be pubhshed in B L R. Smilh (ed ), 
The State of Graduate Education (Washinglon, DC The Brookings 
Inshluhon, 1985) 

^^Projected Response of the Science, Engineering and Technical 
Labor Market to Defence and Nondefense Needs 1982-1987, NSF 
84-204 (Washmglon, DC Nahonal Science Foundation, 1984), p. 43. 

^*National Patterns of Science and Technology Resources, 1984, 
op cil . p 24 

^''Engineering Education and Practice in the United States (Wash- 
ington, DC National Research Council, 1985), p 5/, and ManpoJWr 
Comments (Washington, DC Scientific Manpower Commission, 
January-February 1985), p 34 

"McPherson, op cit , table 1 

^'Sue E Berryman, in an exhaustive study of The Adjustments 
of Youth and Educational Institutions to Technology Generated 
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majors over the past 5 to 10 years, as measured 
by the numbers of job offers and level of starting 
salaries for bachelor's degrees in those fields. For- 
eign languages, history, sociology, and anthro- 
pology, by contrast, are all fields that have ex- 
perienced relatively weak job markets in the past 
decade. 

Finding 2 

Levels of graduate enrollment and Ph.D. pro- 
duction in science and engineering appear to be 
largely independent of general demographic 
trends. 

Between 1960 and 1970 the number of full-time 
graduate science and engineering students enrolled 
in U.S. institutions of higher education increased 
150 percent, from 78,000 to 188,000." The num- 
ber of science and engineering Ph.D.s awarded 
increased 183 percent, from 6,300 in 1960 to 
17,700 in 1970." At the same time the popula- 
tion of 22 to 34 year olds— the group that sup- 
plies the majority of graduate students— increased 
only 18 percent. 

Between 1970 and 1982 the situation changed 
dramatically. Graduate enrollments in science and 
engineeiing increased by only 36 percent; annual 
doctorates awarded decreased by 1 percent, but 
the graduate school age population increased by 
more than 50 percent. Thus, there is no evidence 
of a direct relationship between graduate enroll- 
ments and Ph.D.s in science and engineering, and 
changes in the graduate school age population. 

The dramatic expansion in Ph.D. production 
and graduate enrollment in science and engineer- 
ing that occurred in the 1960s was apparently re- 
lated to four simultaneous developments. Firsf, 
Federal support for graduate education in general, 
and science and engineering education in particu- 
lar, grew enormously in that decade. The num- 



Changes in Skill Requirements, " Research Report Series, RR-85-08 
(Washington, DC National Commission foi Employment Policy, 
May 1985), finds that "young people generally are responsive to 
changing market signals, they alter their helds of study, increase 
or decrease the amount of time they spend on formal education, 
and are very mobile both geographically and occupationally (pi) 

"Fallows, op cit , p, 10 

"Ibid , p 11 

^SUtisticul Abstract of the United Sutes, 1 97Q (Wash i ngl o n DC 
U.S. Department of Commerce, Bureau of ll.e Census, 1979). pp 
160 and 29 



ber of Feueral graduate fellowships and trainee- 
ships increased from 8,000, of which 5,000 were 
in science and engineering in 1960, to 52,000, of 
which 36,000 were in science and engineering in 
1969. The number of research assistantships in 
science and engineering increased from about 
5,000 in 1954 to over 15 000 in 1969.^^ At the same 
time Federal support was expanding. State and 
institutional aid to graduate education, especially 
in the form ^f teaching assistantships, also in- 
creased dramatically, to more than 50,000 grad- 
uate students in 1969." 

In addition to increased Federal and State sup- 
port for graduate education there was a third fac- 
tor, a surging demand for Ph.D.s, especially in 
academia, in that era. The number of junior 
faculty openings exceeded the number of doc- 
torates a'/varded by 50 percent (260,000 openings; 
170,000 doctorates) between 1961 and 1970.^^ (See 
figure 1-12.^^) In addition, the Federal research 

"Federal Inter-agency Committee on Education. "Report on Fed- 
eral Predoctoral Student Support/' April 1970. tables MO R G 
Snyder, The Effectiveness of Federal Graduate Education Policy 
and Programs in Promoting an Adequate Supply of Scientific Per- 
sonnel, " contractor report prepared tor I he Office of Technology 
Assessment, June 1985, p K 

"Snyder, op cil , p 18 

''Allan Car Iter, Ph D s ana *he Academe Labor Market ^\ew 
York McGraw-Hill. 1976). p i^-^ 
'*Ibid , p 129 



Figure M2. --Comparison of Junior Faculty 
Openings With Earned Doctorates Awarded 
(actual 1946*73) 




SOURCE Allan Cartter PhD s and the Academic Labor Market (New York 
McGraw Hill. 1976) p 129 
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and development (R&D) budget quadrupled in 
that decade, creating a sizable demand for doc- 
toral scientists and engineers as researchers. 

Finally, popular opposition to the Vietnam War 
led many male college graduate? to enroll in grad- 
va'.e school to avoid the draft. 

In the 1970s, when the growth in academic de- 
mand and Federal R&D funding slowed, the mil- 
itary draft ended, and the level of Federal sup- 
port for graduate fellowships and traineeships 
decreased dramatically, Ph.D. production began 
to fall. It fell most rapidly in those fields where 
Federal fellowships and traineeships and R&D 
tunds declined most severely (i.e., engineering, 
mathematical sciences, and physical sciences). 

Finding 3 

A combination oi faculty and student demo- 
graphics will lead to a weak academic market for 
new Ph.D.s over the next decade, followed by an 
upsurge in academic hiring between 1995 and 
2010. 

The projected decline in student enrollments 
discussed above, coupled with a low retirement 
rate among current faculty (most of whom were 
hired in the late 1960s and will not retire until the 
late 1990s), will lead to a very weak academic 
market for new Ph.D.s in the next decade. This 
decline was predicted by a number of scholars in 
the 1970s, and has been confirmed by analyses 
carried out this year by OTA and the National 
Academy of Sciences. According to the OTA 
analysis, the total academic demand for new 
science and engineering doctoral degree recipients 
should average about 3,000 tc 6,000 per year from 
1983 to 1998. This is less than one-third the an- 
nual number of new Ph.D.s projected for the 
period under the assumption that such degrees will 
remain constant at about 18,000 per year, and 40 
to 80 percent of the rate of hiring for new science 
and engineering Ph.D.s in academia that existed 
in the 1978-83 time frame (about 8,000 new hires 
per year). After 1998 the demand for new science 
and engineering faculty and research personnel 
in academia should increase substantially, due to 
increases in both enrollments and retirements. 

"National Rescarrh Council, forecasting Demand for University 
Scientists and Engineers Proceedings of a Workshop (Washington, 
DC National Academy of Sciences, 1985), p 1 



According to OTA analysis, the academic de- 
mand for new science and eiigineering Ph.D.s 
could be roughly the same from 1998 to 2013 as 
the level of hiring that took place during the 1970s. 
The pattern of decline followed by incre se will 
be experienced separately over the next quarter 
century by each of the major science and engi- 
neering fields. (See chapter 3 for the analysis that 
supports these projections.) 

The trends discussed above pose two significant 
policy-related questions. First, should steps be 
taken now to increase the demand for new Ph,D.s 
during the decline decade of 1988 to 1998, in or- 
der to smooth out the hiring pattern over the next 
quarter century and prevent potential graduate 
students from becoming discouraged from pur- 
suing a research career due to the weak near term 
academic market? The National Institutes of 
Health (NIH) system for training and supporting 
biomedical research personnel appears to be an 
example of a self-conscious and explicit Federal 
personnel policy in an important scientific field 
that could be emulated elsewhere. Consistent Fed- 
eral support for biomedical research it. terms of 
funding of research and training has produced 
both a substantial supply and demand for inves- 
tigators. This has created a steady-state system 
in Arhich there have been no major shortages of 
biomedical personnel, although some analysts be- 
lieve there to be a surplus of biomedical Pk.D,s 
today. However, it is a large system which would 
be difficult to reduce in significant ways without 
major dislocations. 

Unlike most other fields of science, there is an 
institutional feedback mechanism between NIH 
and the Institute of Medicine (lOM) that ensures 
a periodic assessment of the status of biomedical 
research personnel. This represents, to some ex- 
tent, informed decisionmaking in the implemen- 
tation of research traming programs. The current 
number of trainees is quite close to the number 
recommended by the lOM committee. Allocation 
of Federal support to either predoctoral training 
or postdoctoral training is a method of fine tun- 
ing that can potentially be used to control the sup- 
ply of biomedical investigators. (See appendix A 
for an in-depth analysis of Federal education and 
manpower policies with respect to biomedical per- 
sonnel.) 
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Second, in the expansion period of 1998-2013, 
will the combined requirements of industry and 
academia for science and engineering Ph.D.s ex- 
ceed the annual supply? The number of science 
and engineering Ph.D.s employed in industry has 
grown at the rate of ? percent per year over the 
past decade.^* If this rate of growth continues, the 
industrial demand for new science and engineer- 
ing Ph.D.s could exceed 10,000 per year by the 
first decade of the 21st century. The combined 
academic and in 'ustrial demand for new science 
and engineering Ph.P.s could then exceed the level 
of Ph.D. production for that period. 

Finding 4 

Long-term projections of supply and dem?.iid 
for scientists and engineers in the economy as a 
whole are inherently unreliable. 

Apart from academia, where known demo- 
graphic trends exert considerable influence on the 
demand for new faculty, long-term projections of 
demand for scientists and engineers in the over- 
all economy are fraught with uncertainty and are 
relatively unreliable. Such projections depend on 
assumptions about the future behavior of varia- 
bles such as GNP growth, defense spending, tech- 
nological change, and Federal and industrial R&D 
expenditures, which themselves are not known 
with any degree of certainty. Unexpected changes 
in any of the input variables can cause major in- 
accuracies in the projections. For example, the Bu- 
reau of Labor Statistics (BLS) projects the require- 
ments for different occupations 10 and 15 years 
into the future, and provides an 'early warning" 
to high school and college students through its an- 
nual Occupational Outlook Handbooks, which 
are distributed to guidance counselors. Labor 
economist Lee Hansen took the projections made 
by BLS in 1960 and 1965 for the number of engi- 
neers that would be required in different dis- 
ciplines in 1975 and 1980, and compared them 
with the actual numbers that were employed in 
those years." He found that BLS overprojected 
the requirements for aeronautical, civil, and me- 
chanical engineers by 20 to 55 percent. The er- 
rors were caused by the understandable failure of 

H^acteristKS ofOoctonl Saenhsts and Engineers m the United 
States, NSF 85-303 (Washington, DC National Science Foundation, 
1985), table 2, pp vnt and ix. 

*^Ubor Market Conditions for Engineers Is There a Shortage? 
(Wajini^ton, DC: National Research Council, 1984), pp 89 92 
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the BLS to anticipate the cutback in Federal R&D 
expenditures in the early 1970s and the recession 
in the mid-1970s. However, the BLS overprojec- 
tions would have lead analysts to overestimate 
the growth component of the annual demand for 
engineers between the early 1960s and the late 
1970s by 120 to 600 percent. 

Projections of supply are equally problematic. 
It is extremely difficult to predict the career choices 
of undergraduates or graduate students, or their 
responsiveness to changes in demand in techni- 
cal fields. In the absence of such a predictive ca- 
pability, analysts in the past tended to assume the 
continuation of existing trends, an assumption 
which can lead to gross inaccuracies. For exam- 
pie, in 1967 NSF, extrapolating from existing 
trends, projected there would be 30,500 doctorates 
awarded in science and engineering in 1975.^* The 
actual number turned out to be 17,784. A large 
number of scientific "manpower" analysts in the 
late 1960s and early 1970s made similar errors for 
the same reasons. In the absence of a causal model 
that can accurately predict changes in career selec- 
tion patterns, any supply projections are no bet- 
ter than educated guesses. 

Given the problems of projecting supply and 
demand, predictions of shortages or surpluses 
based on such projections are not likely to be very 
reliable. This is not, however, a serious problem, 
for reasons that are discussed in the next two 
findings. 

Finding 5 

Labor markets adjust ^o supply-demand gaps. 

Most projections of shortages assume tacidy 
that demand and supply are independent, so that 
there can be no adjustment to projected supply- 
demand gaps. Tliis assumption makes sense, how- 
ever, only under certain very restrictive con- 
ditions: 

1. that demand for the fmal product is rela- 
tively unaffected by labor costs; 

2. that supply is not appreciably affected by 
wage changes; and 

3. that the skill shortages are unique, in that 
workers possessmg them cannot be replaced 

'^The Prospective Manpov\cr Situation (or Science and Engineering 
Staff in Univemitics and Colleges 1^05-1^75 (Washington, PC Na- 
tional Science Foundation, 1967), p It) 
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by workers from other occupations or by 
new technology. 

If any of these conditions are violated, then a pro- 
jected supply-demand gap can be closed by mar- 
ket adjustment. These conditions are very restric- 
tive: They apply to only a few limited sectors, 
S as some parts of the defense industry and 
c. «4in startup firms that require highly special- 
ized personnel. 

The essence of a labor market is that it adju<;ts. 
A projected gap between supply and demand usu- 
ally does not indicate an impending shortage, but 
rather that some sort of adjustment must take 
place. The adjustment can be made either by em- 
ployees or employers, or both. On the employ- 
ees' side, an increasing number of entry level 
professionals can become trained in the shortage 
area, or experienced workers from neighboring 
specialties can move into the snortage occupation. 
On the employers' side, they can offer higher sal- 
aries; increase their search and recruiting efforts; 
rearrange jobs to utilize the available skills, edu- 
cation, and experience more efficiently; or make 
larger investments in internal training and retrain- 
ing of their existing work force. Cutting back out- 
put, or the level of research and development, due 
to personnel shortages is probably the response 
of last resort. 

Labor market and scientific "manpower" spe- 
cialists consulted by OTA agreed that it is more 
important to try to understand the process of ad- 
justment of the technical labor market to supply- 
demand imbalances than it is to make long-term 
projections. There can be signifies. ,it problems 
with labor market adjustments that need to be un- 
derstood by jwlicymakers. For example, although 
students shift their career interests to follow sig- 
nals from the marketplace, as we have seen above, 
this response is not a short-term remedy to a 
supply-demand gap because it takes 4 years to 
train a new engineer and 6 years (from the bac- 
calaureate) to train a Ph.D. scientist. In a fast- 
moving market, the needs of employers may 
change by the time entering students graduate. 
This lag effect is especially powerful ror occupa- 
tions that are subject to sudden unanticipated 
surges in demand, as in the semiconductor and 
computer industries in recent years. In addition, 
universities may not be able to provide sufficient 
resources to meet new demands on their curric- 



ula, as has recently been the case in engineering. 
Both universities and students may misjudge the 
direction of the marketplace, leading to further 
misallocation of resources. 

Occupational mobility from related fields is the 
short-term response to a shortage. The primary 
concern about occupational mobility from the em- 
ployer's point of view is that it may lower the 
quality of work or require expensive retraining. 
From a societal point of view, however, occupa- 
tional mobility appears to have served the Na- 
tion well in meeting its needs for technical per- 
sonnel. The Manhattan project in World War 11, 
the Apollo program in the 1960s, the environ- 
mental and energy programs of the 1970s, and the 
rapid buildup of the semiconductor and computer 
industries all relied successfully on the importa- 
tion of scientific and technical talent from related 
fields. Many analysts consider the mobility and 
adaptability of the Nation's scientific and engi- 
neering work force to be one of its greatest 
strengths. 

Employer adjustments, such as extensive searches 
and retraining of personnel from related fields, 
involve considerable costs. For example, one ana- 
lyst estimates that the cost of recruiting a new 
engineer can run as high as 1 year's salary. Rear- 
rangement of jobs within the firm can interfere 
with the distribution of incentives via rank and 
promotion. Despite these costs, several of the 
more mature computer companies, such as Data 
General Corp. and Digital Equipment Corp., have 
adopted systematic training approaches. Faced 
with a continuing series of shortages, they have 
shifted from their traditional "buy" to a "make" 
strategy for obtaining skilled p)ersonnel. This helps 
lower the turnover rate and increases the supply 
of experienced engineers, who are in short supply. 

Finding 6 

The Federal role in alleviating potential short- 
ages of technical personnel appears limited to 
assistance for education and retraining. 

OTA carried out an analysis of the labor mar- 
ket in electrical engineering, a profession that has 
experienced reported shortages in the recent past, 
is heavily involved in areas of rapid technologi- 
cal change, and faces demand from both the mil- 
itary and civilian sectors of the economy. OTA 
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found that the supply of entry level electrical engi- 
neers is likely to stay nearly in balance with de- 
mand for the foreseeable future, as occupational 
mobility makes up the difference between the 
number of entry level engineers needed and the 
number of college graduates actually holding elec- 
trical engineering degrees. However, some educa- 
tional institutions report that they do not have 
sufficient resources to train all the potential elec- 
trical engineering students who are interested. 

The spot shortages of experienced engineers 
with specific areas of expertise reported in sur- 
veys of electronics md computer firms in the re- 
cent past will undoubtedly continue. When a par- 
ticular technology gets "hot/' engineers who know 
the field and can "landle the overall design of a 
project are in great demand. If the technology is 
new or has not been used extensively in the past, 
the simoly of engineers who combine these attrib- 
utes caji fall short of demand. Unfortunately, 
these shortages are not of a type amenable to gov- 
ernment intervention. The government might be 
able to help by promoting the retraining of ex- 
perienced engineers into new startup fields. Mis- 
sion-agency sponsored R&D programs could con- 
ceivably serve that retraining function. The 
Federal energy and environment programs of the 
1970s, for example, helped retrain significant 
numbers of engineers to become specialists in 
those two fields. 

As to the effects of increased military spend- 
ing on the market for electrical engineers, OTA 
did not find this to be a significant cause for con- 
cern. The most definitive short-term projections 
by NSF^^ indicate that a shift from low to high 
defense sj>ending would only increase the demand 
for electrical engineers by 4 to 5 percent, turning 
a slight shortage into a slightly larger or^ In a 
survey of firms that employ electrical engineers 
in the Boston area, OTA found that shortages are 
not perceived to vary much by the level of mili- 
tary procurements. Many respondents felt that the 
two climates of military and civilian work are so 
very different that there is low mobility between 
the two "sectors." 



Finding 7 

Near-term demographic trends enhance the im- 
portance of promoting equality of access to scien- 
tific and engineering careers for women and dis- 
advantaged minorities. 

The Science Policy Task Force recommended 
that the study of demographics and the science 
and engineering work force also examine issues 
related to the participation of women and minor- 
ities in science and engineering careers, with spe 
cial attention paid to the identification of barriers 
to participation and means of lowering those bar- 
riers." OTA finds that the changing college stu- 
dent demographics of the coming decade have 
several important implications for national pol- 
icy to promote equality of opportunity in science 
and engineering. Since the number of college grad- 
uates will decline substantially, it becomes espe- 
cially important to utilize all potential human re- 
sources to the fullest extent possible. This means 
that increasing attention should be paid to those 
groups with historically low participation rates 
in science and engineering, such as women and 
some minorities. The increasing fraction of col- 
lege students that will be drawn from the black 
and Hispanic populations, which have historically 
participated in science and engineering education 
and employment at far lower rates than the white 
population, imply that programs aimed at increas- 
ing the participation of these two minority groups 
could be an especially important source of new 
talent. 

Finding 8 

Cender-stereotyped career expectations and 
differential treatment of women scientists in the 
work force are the two major factors discourag- 
ing women from entering science and engineering. 

The literature on the factors that discourage 
women from participating in science and engineer- 
ing careers is extensive and well developed. Two 
factors stand out as crucial. These are gender- 
stereotyped career expectations among younger 
women entering the scicrn^t and engineering tal- 
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enl pool, and differential treatment of women 
scientists and engineers in the work force. 

Gender-stereotyped career expectations are 
manifested most dramatically in the major field 
preferences of college freshmen, where 20 percent 
of the men, but only 3 percent of the women sur- 
veyed in 1984 listed engineering as their field of 
choice.*^ By contrast, only 4 percent of the men, 
but 21 percent of the women, listed education, 
nursing, or occupational and physical therapy as 
their preferred major. In other sciences, women 
were more likely to select a social or biological 
science major than men, and slightly less likely 
to be interested in the physical sciences. These 
differences are often explained as the result of 
women's alleged lower preference for or lesser 
ability in quantitative fields. But the fact that 
freshmen women select mathematics, accounting, 
and business at the same rate as men casts doubt 
on that explanation. Rather, it appears that fields 
that are heavily associated with "men's work" lend 
fr"> be avoided by women, just as fields that are 
ereotypically associated with women are avoided 
by men. 

A second aspect of gender-stereotyped career 
planning has to do with girls' expectations of how 
they will be able to allocate tr;eir time during 
adulthood between participation in the labor force 
and work in the home. Sue Berryman finds that 
"the more that girls expect continuous labor force 
participal:on during adulthood, the more their oc- 
cupational goals approximate those of their male 
counterparts." She also finds that "since career 
goals seerr. lo determine educational investments, 
gender differences in occupational expectations 
become key to understanding gend -r differences 
in high school mathematics participation,"^^ a key 
element in pursuing a science or engineering ca- 
reer. These expectations are in fact derivative of 
gender stereotyping in the work force as a whole. 
In our society women are still expected to assume 
the major rcle in housekeeping and child rearing 
and to sacrifice their professional interests to those 

"A.W Astin, et al . The Amencrn Freshman National Norms 
for Fall 1984 (Los A, geles. CA Cooperative Institutional Research 
Program, University of Californ a at Los Angeles, December 1984) 
pp 16-18. 32-34 

le E Berryman, "Minorities and Women in Mathematics and 
Science Who Chooses These Fields and Why? May 1985, type- 
script, p 14 



of their husband. As long as that situation exists, 
women will be less likely than men to select oc- 
cupations like science and engineering that require 
major educational and labor force commitments. 
Berryman finds, interestingly enough, that male 
single parents "make occupadonal and labor force 
adaptations to parenting that look like the occupa- 
tional and labor force plans of girls who expect 
dual family and work responsibilities."*^ 

Women's experience in the science and engi- 
neering work force is decidedly different from that 
of men. Women's attrition rates are 50 percent 
higher than men's: in 1982, 25 percent of women 
scientists and engineers but only 16 percent of men 
were outside of the science and engineering work 
force.** Women's unemployment rates are signif- 
icantly higher: 4.5 percent v. 1.9 percent for men. 
Women's salaries are significantly low^r than 
men's in almost all fields of science, in every em- 
ployment sector and at comparable levels of ex- 
perience, although recent ^emale entrants to the 
science and engineering woik force are doing con- 
siderably better than their more senior counter- 
parts. In academia, men are far more likely than 
women to hold tenure track positions, to be 
promoted to tenure, and to achieve full profes- 
sorships. This holds true even for men and women 
of identical academic age (number of years since 
receiving the doctorate), field, and quality of grad- 
uate school attended.*^ 

The differential treatment of women in the 
work force most directly violates the principal of 
equality of opportunity because it affects people 
who ha"'* established, by virtue of obtaining an 
advanced degree, the right to pursue a scientific 
or engineering career based solely on the quality 
of their work. It also has a significant effect on 
female students in the educational pipeline. A 
woman student in a department where no women 
have been hired or promoted to tenure is not likely 
to form a positive picture of her future employ- 
ment prospects. Nor will she experience the kind 
of role model which the literature on equality of 
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opportunity suggests is desirable to assist her in 
identifying with her future profession. Finally, the 
higher unemployment and attrition rates among 
women in science and engineering as compared 
to men represent a serious wa<?te of human re- 
sources cultivated at considerable expense to the 
Nation and the individual. 

Finding 9 

Blacks, Hispanics, and American Indians are 
affected by a variety of socioeconomic factors that 
lead to poor academic performance and an in- 
ability to remain in the science and engineering 
educational ''nfpeline/' 

Blacks, Hi£panics, and American Indians re- 
ceive degrees in quantitative fields at less than half 
the rate of whites, due to their tendency both to 
participate in higher education and to select quan- 
titative fields at substantially lower rates/^ The 
quality of academic preparedness in secondary 
schools is cited by many experts as the greatest 
factor affecting these minorities' academic per- 
formance and baccalaureate attainment in college. 
Greater attrition levels in science and engineer- 
ing among minorities correlate very highly with 
poor academic preparedness in high school as 
measured by grade averages and class rank. Prob- 
lems with academic preparedness, in turn, appear 
to be related to socioeconomic factors such as par- 
ents' educational levels and social class. 

Parents' education appears to be an especially 
important factor. Students whose parents have 
obtained college or graduate degrees are more 
often enrolled in quantitative majors than students 
who have less well-educated parents. Sue Berry- 
man finds that "being second generation college 
not only increases, but also equalizes, the choices 
of quantitative majors across white, black, Amer- 
ican Indian, Chicano, and Puerto Rican college 
freshmen."*' A study carried out for the Depart- 
ments of Defense and Labor in 1980 found that 
the strongest single predictor of reading abilities 
and scores on the Armed Forces Qualifications 
Test was the mother's educational level.** Youths 

**B<rryman, op at , pp 2-3 
-'Ibid , p 17 

"Betty M Vetter, "The Emerging Demographics— Effect on Na- 
tional Policy in Education and on a Changing Work Force " back- 
ground paper p^'epared for the Office of Technology Assessment, 
pp 4-5 
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whose mothers had completed eighth grade or less 
scored in the 29th percentile on the AFQTs. Those 
whose mothers had completed high school had 
an average percentile score of 54. Those whose 
mothers were college graduates averaged 71. 

Social class, according to Sue Berryman, "seems 
to be a proxy for family characteristics that af- 
fect school achievement." These characteristics in- 
clude "the family's press for achievement, lan- 
guage models in the home, academic guidance 
provided by the home," work habits and activi- 
ties of the family, and the "nature and quality of 
toys, games, and hobbies available to the child. 
These characteristics correlate very highly with 
children's achievement scores. Later in life, social 
class correlates strongly with the level of resources 
a college student can bring to bear on his or her 
education. Financial problems in college are a fac- 
tor cited by many an?lysts in explaining the poor 
persistence of minorities in the scientific and engi- 
neering educational system. 

Despite the formidable socioeconomic problems 
responsible for the low participation rates in 
science and engineering among blacks, Hispanics, 
and American Indians, there is considerable anec- 
dotal evidence that well-designed intervention 
programs can assist these groups in obtaining ac- 
cess to science and engineering careers. The Amer- 
ican Association for the Advancement of Science, 
in an assessment of more than 100 such programs, 
found them to "have demonstrated that there are 
no inherent barriers to the successful participa- 
tion of women and minorities in scierxe or math- 
ematics" if these groups are provided with "early, 
excellent, and sustained instruction in these aca- 
demic areas. "^^ These programs help stimulate an 
interest in science and engineering among talented 
students who might never have considered a ca- 
reer in one of those fields. They also provide sup- 
plementary instruction in science and mathematics 
to help improve the academic preparedness of 
those students who choose to major in a quan- 
titative field. To date, programs for minorities 
have not been rigorously and systematically 
evaluated to determine the ingredients of success 
and failure. (Programs for women appear to have 

'•Berryman, op cit . p 15 

'"Shirley M MA\Qom, Equity and Excellence Compatible Coals, 
Pubhcation 94-14 (V^'ash:ngton, DC American Association for the 
Advancement of Science. December 1984), p vni 
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been more carefully studied.) Nor has any attempt 
been made on the national level to share the les- 
sons learned from successful programs with less 
fortunate endeavors. NSF could take a leadership 
role in this area, but thus far it has not done so. 
In fact, the executive branch's response to the 
mandr^e it received from Congress in 1980 to de- 
velop a comprehensive program to promote the 
parficipation of women and minorities in science 
and engineering was to cut back or eliminate the 
few programs in existence in that era.^^ 

Despite the problems cited above, women's par- 
ticipation in science and engineering has increased 
dramatically in all fields and af all levels. There 
appear to be no inherent reasons why these in- 
creases should not continue. For blacks and His- 
panics the causes of low participation are so 
deeply entwined with larger social and cultural 
factors that the prospects for further improve- 
ments without dramatic societal intervention do 
not appear very bright. Already the rate of in- 
crease in participation among these groups has 
slowed significantly since the dramatic improve- 
ments of the mid-1970s. 

Finding 10 

The increasing participation of foreign nationals 
in U.S. Science and engineering education has 
raised a number of unresolved policy issues. 

The number of foreign nationals enrolled in 
American institutions of higher education has in- 
creased by a factor of 10 in the past three dec- 
ades, from 34,000, or 1.4 percent of the student 
population in 1954, to 338,000, or 2.7 percent of 
the student population, in i984." Foreign students 

*^Th'' National Saence Foundahon Aulhonzdhon and Science and 
Technology Equal Opportunities Act of 1980 (Public Law 96-516, 
94 Stat. 3007) required the Director of NSF to prepare and transmit 
to Congress "a report proposing a comprehensive and continuing 
program at the Foundation to promote the full participation of mi- 
norities in science and technology" (Section 34b) The NSF response 
to th»s requirement, "Proposals of the National Science Foundation 
to Promote the Full Participation of Minorities and Women in 
Science and Engineering," Dec, 15, 1981, typesrmt provided by 
National Science Foundation, contains the fallowing quote 
The Foundation's authorizing legislaticn for fiscal year 1^81 pro- 
vided for several programs thai addressee the participation ot minor- 
ities and women in science and technology These programs were re- 
duced by rescissions in fiscal year 1981 and were deleted from the 
Foundation's budget request for fiscal year 1982 as p^rt of the Admin- 
istration's program for economic recovery 

Two reports required of the President by Section 35 of PuMic Law 
96-516 were never transmitted to Congress 

"Open Doors: 1983/84 (New York Institute oi International Edu- 
cation, 1984), table 1.3, p, 6 



tend to enroll proportionately more often in engi- 
neering and medical scienceb than in humanities 
and social sciences. This has been attributed to 
the relatively high cost \o a developing country 
of establishing proper training facilities foi the 
engineering and natural science disciplines. A pro- 
jected increase of 350,000 or more foreign college 
students over the next decade" could compensate 
to some degree for the expected decline in Amer- 
ican 18 to 24 year olds. 

Foreign nationals have assumed a large share 
of both enrollments and doctoral degrees in grad- 
uate departments of engineering, mathematics, 
and computer science (more than 40 percent of 
enrollments and degrees in engineering; 40 per- 
cent of enrollments and 25 percent of degrees in 
mathematics). There is concern that because 
science and engineering education is capital inten- 
sive, and many science and engineering graduate 
students are supported by Federal research as- 
sistantships, tha*^ the United States is subsidizing 
the training of non-U. S. citizens. However, it ap- 
pears that many graduate engineering depart- 
ments would have had to curtail their research 
and teaching activities substantially without for- 
eign student enrollments. Moreover, analysts 
Lewis Solmon and Ruth Beddow have found, in 
a study of 1980-81 foreign degree recipients at the 
bachelor's, master's, and Ph.D. levels, that "for- 
eign students probably pay more than their edu- 
cation costs, and they might be paying substan- 
tially more."^'* Some also argue that there are 
foreign policy and good will benefits to U.S. edu- 
cation of foreign citizens. The U.S. Agency for 
International Development recently announced 
that it would increase its scholarship support to 
Latin American students in order to counter So- 
viet leadership in this area; this may be seen as 
evidence for this point of view. 

There is disagreement between various groups 
within the United States as to whether individ- 
uals admitted to the United States as students who 
complete a grac^uate degree here should be al- 
lowed to remain here after completion of the 
degree and perhaps a short period of further train- 
ing. Increasing proportions of those earning doc- 

^^Foreign Student Flows (New York Institute of International Liu- 
cation, 1985), pp 78-79 

-M.ewis C Solmon and Ruth Beddow, "Flows, Costs and Bene- 
fits of Foreign Students in the United States Do We Have a Prob- 
lem," Foreign Student Flows, op cit , pp 121-122 
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turate degrees (56 percent in 1983) are remaining 
in the country aifter graduation." Many employers, 
both in industry and in academic institutions, say 
that they cannot fill certain research and faculty 
positions with U.S. citizens, and available data 
verify this.'* Thj Institute of Electrical and Elec- 
tronic Engineers, on the other hand, contends that 
increasing numbers of foreign engineers earning 
degrees in this country are taking jobs at low pay 
in order to remain here, thus driving down sala- 
ries and reducing opportunities for U.S. engi- 
neers." The limited statistical evidence that ex- 
ists, however, indicates that foreign engineers are 
not paid less than comparably trained and experi- 
enced U.S. engineers." 

Many foreign nationals choose to enter the aca- 
demic market after graduation, especially in engi- 
neering. A 1982 survey found that 18 percent of 

"PsTtidpation of Foreign Citizens in U.S. Science and Engineer- 
ing (Washington, DC: National Science Foundation, January 1985), 
p. V. 

••Betty Vetter, "U.S. Education and Utilization of Foreign Scien- 
tists and Engineers," contractor report prepared for the Office of 
Technology Assessment, p. 16. 

"See statement of Jack Doyle, Institute of Electncal/Electronic 
Engineers, in Scientific Manpower Commission, "The International 
Flow of Scientific Talent: Data, Policies and Issues," May 7, 1985, 
p. 29. 

**Michael G. Finn, foreign National Scientists and Engineers in 
the U.S. Labor Force, 1972-1982," draft report to the National 
Science Fou«idation, March 1985 



all full-time engineering faculty members earned 
their B.S. degrees from an institution outside the 
United States. Several authors have made refer- 
ence to a "growing problem" of foreign nationals 
on engineering faculties. Analysts contend that 
the drawbacks of an increasingly foreign bom 
faculty are the limitations in their communications 
skills and difficulties they may have in adjusting 
their teaching and research styles to the expecta- 
tions of American culture.'' 

Foieign nationals are often unable to work on 
industry or government projects with national 
security or economic competitiveness implica- 
tions. However, those students that obtain posi- 
tions in industry after graduation can and often 
do b jcome U.S. citizens and thereby cease to be 
"foreign nationals." 

Finally, some analysts contend that a lack of 
data prevents the Nation from making informed 
policy decisions in this area. However, there is 
a great deal of information about foreign students 
available from the Institute of International Edu- 
cation, and several new research projects spon- 
sored by NSF promise to fill many of the gaps. 
What is most lacking is a consensus over the def- 
inition of the "problem." 



^^ThelntematonalFlowofSaentihc and Technical Talent op cit. 
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Chapter 2 

Demographic Trends: 
Underpraduate and Graduate Education 



THE CHANGING COMPOSITION OF THE 
UNDERGRADUATF POPULATION 



Significant changes in the size, composition, 
**nd career interests of the undergraduate popu- 
lation have characterized the past quarter century 
of American higher ed ication. Demographic and 
other trends indicate that similar changes, al- 
though not as rapid or extreme, will also mark 
the next 20 to 30 years. Since the baccalaureate 
is the entry-levei degree to ? scientific or engineer- 
ing career, the composition of the undergraduate 
population can be expected to have a significant 
effect on the size and make-up of the science and 
engineering work force. This section will exam- 
ine the changing demographic and career patterns 
of the undergraduate population and discuss the 
implications of the trends for the size and qual- 
ity of the scientific and engineering work force. 

The explosion in higher education that took 
place in the 1960s saw undergraduate enrollments 
increase by 120 percent, from 3.3 million in 1960 
to 7.4 million in 1970.^ This sizable change was 
caused only in part by demographics. The num- 
ber of 18 to 24 year olds, who constituted about 
70 percent of the college population,^ also in- 
creased over the decade, but at a substantially 
lower rate of about 54 percent.^ Close to half of 
the increase in enrollment in the 1960s was caused 
by an increase in the rate at which high school 
graduates chose to participate in higher education. 
In 1960 only 23.7 percent of the 18 to 24 year olds 
that graduated from high school were enrolled in 
college: by 1970 that ratio had increased to 32.7 
percent, where it remains today.* 

In the 1970s, undergraduate enrollments in- 
creased by 47 percent (from 7.4 million in 1970 

-ticaJ Abstract, 1982-1983 (Washington, DC. U S Deparl- 
Txe ' Commerce, Bureau of ihe Census, 1984), p 159, corrected 
I . : z unclassified pre-baccalaureales, and The Condition o/ Edu- 
^3tt0' \ /Washington, DC National Center for Education Statistics, 
19SI, p 9S 

'Tnt Condition of Education (Washington, DC National Cen- 
ter for Education Statistics, 1984), p 72 

^Projections of the Population (Washington, DC U S Depart- 
ment of Commerce, Bureau of the Cens' s, 1984), p 7 



to 10.9 million in 1983),^ but the population of 
18 to 24 year olds only increased 22 percent. Most 
of the new college students were adults 25 years 
and older who doubled their participation in 
higher education as a whole (including graduate 
school) in that period. More than 70 peicent of 
the new over-2b group were adult women, whose 
enrollment in higher education more than tripled 
between 1970 and 1983.^ The overall share of 
women in higher education increased from 41.2 
percent in 1970 to 51.7 percent in 1983.^ Blacks 
increased from 6.9 percent of the higher educa- 
tion population in 1970 to 10.6 percent in 1978, 
but then fell back to 9.6 percent in 1982. Hispanics 
increased from 2.0 to 4.4 percent between 1970 
and 1982; Asian Americans from 1.0 to 2.7 per- 
cent.^ 

In sum, from 1960 to 1983, the number of un- 
dei:graduates increased by a factor of 3.3, from 
3.3 to 10.9 million. About 60 percent of that 
change was due to demographics: a 1.9-fold in- 
crease in the number of 18 to 24 year olds. The 
remainder was caused by an increase in the rate 
at which high school graduates, especially adult 
women and minorities, chose to participate in 
higher education. These enrollment trends tended 
to favor public over private institutions and 2- 
year colleges over 4-year colleges. Enrollments in 
public institutions increased by a factor of 4.2 
(from 2.3 to 9.7 million) in the 23-year period; 
enrollments in 2-year colleges increased nr. ore than 
sevenfold (from 650,000 to 4.7 million) ^ 



*Stati^ticjl Abstract (Washington, DC U S Department of 
Commerce, Bureau oi the Census, 1985), p 149 
^Condition of Education, op cit , 1985, p 79 
Mbid 

Mbid , table 2 4, p 94 

'Statistical Abstract, op at , 1985, p 152 

^Statistical Abstract, 1982-83. op cit , p 159, corrected to in- 
clude non-degree credit students, and Condition o/ Education, op. 
cit , 1985, p 79 
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BACCALAUREATES 



The doubling in the enrollment of undergradu- 
ates in the 1960s was accompanied by a doubling 
in the number of bachelor's degrees awarded in 
the course of the decade. In 1960, 395,000 stu- 
dents received B.A.s and B.S.s from the Nation's 
colleges and universities; by 1970 that number had 
increased by 112 percent to 840,000.^° 

The 1970s saw a very different pattern. Al- 
though the number of undergraduate? increased 
by 47 percent between 1970 and 1983, the num- 
ber of baccalaureates only increased by 16 per- 
cent (from 840,000 to 970,000)." Tho number of 
awards below the bachelor's degree g 'nted u. oc- 
cupational curricula (business and conmerce tech- 
nologies, data processing technologies, health 
services and paramedical technologies, k o ^ani- 



^^Statistical Abstract, 1979 (Washington, DC- U S Deparlmenl 
of Commerce, Bureau of the Census, 1979) p 168, Condition of 
Education, op. cit., 7985, p 90 

^^Condition of Education, op. cit , 1985, p 90 



c^^l, engineering, and electronic technologies) in- 
creased 160 percent (from 154,000 to 400,000). 
Thus baccalaureates decreased from 84.5 to 70.4 
percent of the total undergraduate degrees awarded 
in the 1971-82 time frame. 

Jh<y trend toward occupationally oriented degrees 
is nirrored by the changing mix of fields within 
the br^-alaureate in the 1970s As figure 2-1 
shows, the number of bachelor's degrees in job- 
related fields, especially business and manage- 
ment, increased dramatically in the 1970s, while 
arts and sciences degrees declined substantially.^^ 
According to the National Center for Education 
Statistics (NCES):" 

^^Sue E ^ ryman. The Adjuslmenl of Youth and Educational 
Inslilulions Technologically-Generated Changes in Skill Require- 
ments, " prepared for the National Commission for Employment Fol- 
ic^, May 1985, pp 30 and 31 

''Digest of Education Statistics, 1983-1984 (Washington, DC Na- 
tional Center for Education Statistics, December 1983' p 119 

^Mbid , p 118 
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In 1965-66 degrees in English and literature, his- 
tory, mathematics, modem foreign languages, 
and physics constituted 20.4 percent of ail bach- 
elor's degrees conferred .... by 1980-81 they 
had declined to 7.4 percent of the total .... 

Ill 1965-66 degrees in business and manage- 
ment, engineering, the health professions, public 
affairs and services, and computer and informa- 
tion sciences comprised 22.6 percent of the total 
bachelor's degrees conferred .... in 1930-31 
[tl -^v were] 41.8 percent .... 

At least one occupationally oriented field has 
not participated in the general rise in recent years. 
Bachelor's degrees in education . . . peaked at 
194,000 in 1972-73 and subsequently declined by 
44.3 percent to 108,000 in 1980-81 . There has been 
an annual decrease in public school enrollments 
for a decade, and this has adversely atfectc 1 the 
demand for new elementary and seconaary school 
teachers. 

At first glance it appears that science and engi- 
neering fields have b^n immune from these strik- 
ing changes in undergraduate career preferences. 
According to the National Science Foundation 
(NS^)," science and engineering fields represented 
approximately 30 percent of the bachelor's and 
first professional degrees awarded every year from 
1952 to 1982. In no year have ^h^y exceeded 32 
percent or fallen shoit of 28 percent (Unfortu- 
nately, the NSF tables and charts include first 
professional degree**, such as the M.D., D.D.S, 
D.V.M, and J.D., with nachelor s degrees, '•o the 
numbers are not strictly comparable tt. those pre- 
sented above.) The total number of science and 
engineering bachelor s degrt and first profes- 
sional degrees has rr mained within the 280,000 
to 305,000 range sinc'> ^*^72. 

This apparent onstancy, however, masks some 
striking changes ta..ing place within and between 
fi<=1ds (see figure 2-2). Fronr. 1960 to 1974 the per- 
centage of total B.A.<; an'' first professional 
degrees awarded in the p/»v"ical sciences and engi- 
neering fell from 4.1 and 9.*^ percent, respectively. 



"Sa'ence and Engineering Personnel. A National Overview, NSF 
85-302 (Washington, DC: N-»ional Science Foundation. 1985), p 
154. 



Figuro 2-2.»Bacnelor's and Firtt'Professional 
Degrees in Science and Engineering 
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SOURCE Nfftional Science Foundation, Sci9nc9 9nd Technology A#toi//CM, 

NSF 85-305, 1985, p 73 

to 2.1 and 4.3 percent. That decline was accom- 
panied by an increase in the percentage of degrees 
awarded in the social sciences from 8.0 to 14.4 
percent. Between 1974 and 1982 the trend reversed 
itself, and engineering degrees increased from 4.3 
to 6.5 percent of the total, while social science 
degiees fell from 14.4 to 10.9 percent." 

Science and engineering baccalaureates, there- 
fore, appear to follow the same trends as total bac- 
calaureates; increasing with total college enroll- 
ments through the 1960s and then going up only 
very gradually in the 1970s a^d early 1980s. In- 
dividual fields, however, follow changes in un- 
dergraduate interests, svch as the shift from the 
natural sciences to the social sciences in the 1960s 
and from academic subjects to job-oriented sub- 
jects in the 1970s. It is a combinatiu^i of demo- 
graphic forces and career and educational choices 
(strongly influenced bv market considerations) 
that determines the number of bachelor's degrees 
that will be produced in a science or engineering 
field in a given year. 
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FUTURE TRENDS: DEMOGRAPHICS 



According to demographer Harold Hodgkin- 
son, three major demographic trends will affec* 
colleges and universities over the next quarter cen- 
tury. The first is the already cited decline in the 
population of 18 to 24 year olds:^' 

Higher education can look forward to a gen- 
eral decrease in the size of high school graduat- 
ing classes for 16 years, followed by increased 
numbers of high school graduates beginning in 
1998 

Most recent Census Bureau projections (Middl 
Series) indicate that the number of 18 to 24 year 
olds will decline from 30.4 million in 1982 to 23.3 
million in 1996, a 23.4-percent decrease.^' This 
is the group that participates at the highest rate 
in higher education. As can be seen from table 
2-1, for every 100 members of the 18- to 21-year- 
cld population there are 27 full-time equivalent 
(FTE) students in higher education. (The number 
of "full-time equivalent students" is equal to the 
number of full-time students plus one-third the 
number of part-time students.) The rat o for 22 
to 24 year olds is 11.5, and the ratios for all other 
age groups are much lower. ^' 

Using the ratios in table 2-1 and the Census Bu- 
reau Middle Series projections of the population 
by age group, it is relatively straightforward to 



"Harold Hodgkinson, "College Students m the 1990's A Demo- 
graphic Portrait," The Education Digest, November 1983, pp 28-31 

^'Projections of the Population, op cit , pp 38 and 65 

*'Carol ^pmng and AlJen R. Sanderson, Doctorate Employment 
Supply ar Demand Considerations. 1981-2000 (Pnncelon. Nj 
Princeton University, 1981), p 8 

^'Projections of the Population, op cit , pp 30-81 



Table 2-1.— Full Tlme Equivalent Enrollments 



As a percentage of the total population 



Age group 


1968* 


1973» 


1978^ 


1980-2000^ 


17 


71% 


6 7% 


5 8% 


6 0% 


ie-21 


28.0 


28 0 


26.0 


27 0 


22-24 


97 


11 2 


11 4 


11 5 


25-20 


40 


5.0 


50 


50 


30-34 


1.9 


25 


30 


30 


35-59 


0.4 


06 


08 


08 


'Actual 

^AMumad, bis«<) on current trends 



80UFICE Carol P Herring and Allen R Sanderson Doctoral Employment Sup 
plyfnd Demand Considerations. 1961 2000. Pnnceton University Apni 
1961, p 8 



construct a table of potential FTE enrollments in 
higher education for the rest of the century (and 
even to the year 2020, if one is willing to accept 
population projections based on births that have 
not occurred yet). Figure 2-3 shows a continued 
decline in FTE enrollments through 1996, with the 
minimum in that year at 85 percent of the peak 
in 1981. Enrollments then increase through the 
first decade of the 21st century, with a new peak 
occurring in 2010 about 15 percent above the 1996 
minimum. 

These projections are based on a model devel- 
oped by Carol Herring and Allen Sanderson that 
assumes existing patterns of enrollment in higher 
education among different age groups v?'^ con- 
tinue for the next quarter century. Other assump- 
tions could produce strikingly different results. 
For example, the number of 25 to 34 year olds 
in underj raduate education increased by nearly 
70 percenv 'n the decade 1972-82, as comparf d to 
an increase of only 23 percent in the number of 
18 to 24 year olds. If this older group, which will 
remain relatively constant in population over the 
next decade, continues to increase its rate of par- 
ticipation in undergraduate education, it could 
partially offset the decline in 18 to 24 year old en- 

^'FTEs through 2000 calculated by Herring and Sanderson, op 
cit , PTEs, 2000-20 calculated by Eugene Frankel, 

Figure 2-3.-* Projected FullTime Equivalent 
Students in Higher Education 



8.000, 



^ 6,000 
c 
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^ 4.000 
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SOURCE Carol P HeminQ and Mien R Sanderson. Doctoral Employmen 
Supply and Demand Constderations, 1981-20(X) Prmceton Unjve 
S'ty April 1981 p 8 and Office of Technology Assessment 
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rollmenls." Specifically, if one assumes that the 
percent enrollments in higher education of 30 to 
34 year olds and 35 to 59 year olds will continue 
to increase at the rates they increased between 
1968 and 1978 (0.1 and 0.04 percent per year), 
it would generate an additional 1 millicn full-time 
equivalents in 1996. The decline of 15 percent in 
PTEs between 1981 and 1996 would become a much 
less problematic decrease of only 2.4 percent. 

Herring and Sanderson argue against these 
more optimistic assumptions:" 

There are those who . . . argue that the growth 
in "non-traditional" enrollments will more than 
compensate for the loss of tiie traditional popu- 
lation base in higher edu^'ation. We disagree 
.... The recent increase (in non-traditional en- 
rollments] has been due in large measure" to 
women going back to school, and at the present 
time they make up about half of the enrolled stu- 
dents. Therefore, the impact of this catching up 
phenomenon— in which women were making up 
for missed educational opportunities— is expected 
to level off ... . Part of the increase in older stu- 
dents can also be traced to the effects of the Viet- 
nam War and the GI Bill. These effects, too, have 
undoubtedly run their course, and most veterar<; 
who are going to return to school on the GI Bill 
have done so by now. 

The NO^S projection of enrollments in higher 
education for 1993 is consistent with Herring and 
Sanderson's results. It projects a drop in FTE en- 
rollments of 12.3 percent between 1983 and 
1993.^* Herring and Sanderson also project a drop 
of 12.3 percent. It is worth noting that in the 
NCES projections the fraction of enrollments that 
are part time increases from 42.9 percent in 1983 
to 48.3 percent in 1993. 

The second major trend noted by Hodgkinson 
is the increasing proportion of the college age pop- 
ulation that will be made up of racial or ethnic 
minorities:" 

The major decline in births after the baby boom 
was almost completely a Caucasian phenomenon. 
Birthrates for minorities stayed even dur ng those 
years, resulting in an increased percentage of 



''Digest of Educational Statistics, 1983-1984, op cit , p 98 
'^Herring and Sanderson, op cit , p 6 
"77ie Condition of Education, op cit , 1985, pp 96 and 100 
'*Hodgkinson, op cit., p 29 



births coming from minorities .... The conclu- 
sion for higher education is inescapable: Amer- 
ican public schools are now very heavily enrolled 
with minority students, large numbers of whom 
will be college eligible .... Out of sheer self- 
interest, it behooves the higher education com- 
munity to do everything to make sure that the 
largest possible number of minority students do 
well in public school .... By 1990, minorities of 
all ages will constitute 20 to 25 percent of our to- 
tal population, while their percentage among 
youth cohorts will be over 30 percent. In some 
states, minorities will be over 45 percent of the 
state birth cohorts. 

Public school enrollments in 1980 presage these 
trends. Of the 46 million students enrolled in ihe 
Nation's public elementary and secondary schools 
in 1980, 26.7 percent were minority. Of the largest 
minority groups, blacks represented 16.1 percent 
of enrollments, Hispanics, 8.0 percent.^* Seven 
States and the District of Columbia had minor- 
ity student populations in excess of 35 percent; 
11 others exceeded 25 perceni: (see figure 2-4).^^ 
In addition, 23 of the 25 largest city school sys- 
tems in the Nation had a majority minority pop- 
ulation in 1980." 

The report of a 1983 forum on 'The Demo- 
graphics of Changing Ethnic Populations and 
Their Implications for Elementary-Secondary and 
Post-secondary Educational Policy" concludes 
that:" 

Based on the demographic data ... it seems 
clear that much greater attention will have to be 
paid to the needs of minority young people, and 
to the development of programs that are more re- 
sponsive to their backgrounds and interests, for 
facilities and equipment to sustain these pro- 
grams, and for teachers specifically trained to 
teach particular populations, . . . More research 
is needed into how young people of different 
backgrounds learn, and existing research should 
be mined and adapted for practical application to 
local conditions. 



"r/ie Condition of Education, op cit , 1985, p 18. 
"Ibid , pp 18 and 19 

"ian McNett, "Demographic Imperatives- Implications for Educa- 
tional Policy, " Report of the June 8, i983. Forum on 'The Demo- 
graphics of Changing Ethnic Populations and Their Implications for 
Elementary-Secondary and Postsecondary Educational Policy," p. 
10 

"Ibid , p 20 
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Figure 2-4.-Mlnority Enrollment As Percent of Public Elementary/Secondary School Enrollment, by State 

Percent minority in 1980 




^0 



I I Less ihan 25.0 percent minority 
n 25.0 to 34 9 percent mincity 
ill 35 0 or more percent minority 



SOURCE Naticial C«nt«r for Education StatittiCS. Th» Conaihon of Etiucation, ^984 Edihon p 19 



A third trend noted by Hodgkinson and others 
is the striking variation in population growth from 
region fo region. As can be seen from figure 2- 
5,^ the number of high school graduates is ex- 
pected to decrease between 1981 and 2000 in the 
North, East, South, and Central sections of the 
country, while increasing in the West, Far West, 
and Southwest, Moreover, some of the increases 
(in Wyoming, Nevada, Utah, Texas, and Alaska) 
will be as large as 48 to 76 percent, while some 
of the decreases (in Michigan, Massachusetts, 
New Hampshire, Rhode Island, Delaware, and 
District of Columbia) will be as great as 30 to 51 
percent. 



'•Harold L. Hodgkinson, "Demographics and the Hconomy Un- 
dentanding a Changing Marketplace, " The Admissions Strategist, 
January 1985, pp. 1-6. 

"Hodgkinson, op cil,, 1983, p 29 



Thus [according to Hodgkinson] we are faced 
for the first time with a "two nation" perspective 
on educational policy— trying to get more educa- 
tional facilities and services for youth in the Sun 
belt, and continuing to cut back cn these same 
'rvices in the Frost Belt. It is hard to imagine how 
a single federal policy on educational assistance 
can be equitable in both "nations." Further, since 
we can expect that institutions of higher educa- 
tion in the Sun Belt will begin to show gainc in 
undergraduate student populations, while the 
Frost Belt institutions can lool forward to at least 
a decade of decline in enroliments, it will be very 
difficult to present the "needs" of higher educa- 
tion to the U.S Congress by 1990. 



IMPLICATIONS FOR SCIENCE AND ENGINEERING PERSONNEL 

AND EDUCATION POLICY 



The implications of these trends for science and 
engineering education appear to be the following: 
As the number of college graduates available for 



science and engineering careers decreases, it will 
become increasingly important to ensure that all 
potential resources are utilized tn the fullest ex- 
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Figura 2-5.— Projected Ch«ng«s in Graduates, by State, 1981-2000 




Down 
22% 



Down 5%* 
Down 19%««> 
Down 35*/««t> 
Down 31 
Down 31 % 
Down 29V0* 
Down 20% 
Down 38% 
Down 51 %• 



I^Gain 

Qlo" oM%to25% 
I I Loss of 26% or more 



^Projections Include grwAu^M of puWlc h* j* schools only All othsr Stats projections includs public tnd nonpuWJc high school grsduatss 
^Pro}sctions tfs for 1906-99 

SOURCES. Wsstsrn Intsrstata Commission for Highar Educstlon. snd Hsrold L Hodklnson. "Damogrsphlcs snd tha Economy Undarstandlng 
a Changing Markatplaca," Th9 Admiaion Strtfgitt January 1905. p 3 



tent possible, and that no qualified candidates for 
science and engineering education are discouraged 
by problems related to gender, race, or ethnic 
background. Hence, policies to promote equal- 
ity of opportunity for women and minorities will 
take on increasing relevance to science and engi- 
neering "manpower" policy. 

Blacks and Hispanics may be of special concern. 
They lend to participate in higher education at 
haJf the rate of their white counterparts, and tend 
to select quantitative fields as majors once in col- 
lege or graduate school at one-half (for blacks) 
to three-fourths (for Hispanics) the rate of the 
white student population." As the fraction of the 
college age population increases, programs to pro- 
mote equalit/ of access to science and engineer- 

"Sue E. Bmyman, Who Will Do Soenct (New York. The Rocke- 
feller Foundation, 1983), pp. 1«-21. 

o 
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ing careers for minority groups may have to be 
expanded in order to prevent a decline in the nrnn- 
ber of science and engineering degrees avvarded. 
These programs will be discussed in greater de- 
tail in chapter 5. 

It is not possible to judge unequivocally the ef- 
fects of a drop of 15 percent in the number of 
science and engineering baccalaureates on the Na- 
tion's scientilic and techiucal efforts. NSF data dis- 
played in table 2-2 show that only 43 percent of 
the science and engineering baccalaureates in 1900 
and 1981 were employed in a science or engineer- 
ing field in 1982.*^ Of the remainiiog science and 
eng ering baccalaureates, 28 percent found 
work outside science and engineering altogether, 
21 percent went on to grauuate school in science 

"National Patterns of Saence and Technology, 19$4, NSF 64- 
311 (Washington, OC National Science Foundation, 1954), p. 24. 
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Tabit ^.-Transition of 1980 and 1981 Scienco/Englneering (S/E) Graduates From School to Work In 1982 (pwcMi) 

Employed ""h^T e'^P'ove'^ 

P^^">ve./>ie.d To.a. To.a. ,n S/E QuTil^^ Snl: empgen. ,ago?,o rce 

Bach0§ot'9 d0gm€9: 

AH S/E 100 71 43 28 ;>1 5 a 

Physical sciences' 100 53 41 12 40 4 I 

Mathematics 100 8C 57 23 13 4 I 

Oompuier specialties 100 94 85 9 3 o i 

Engineering 100 89 78 io 7 3 l 

Ufe sciences 100 58 34 24 33 5 « 

Social sciences** 100 68 21 46 22 6 6 

All S/E 100 74 55 19 21 3 2 

Physical sciences* . . . 100 65 47 18 29 



Matheniatics 100 77 56 21 



3 3 

17 3 Q 

Computer specialties . 100 88 76 1 2 10 1 1 

Englneerlno 1OO 82 72 11 14 2 I 

Ufe sciences iCO 65 47 17 31 2 3 

Social sciences^ 100 63 34 34 24 6 3 

JHncHidM •nviror mental sctences ~ ' ' ~ 

SOURCE. National Science Foundation. NttionMi Patterns of Science and Technology Resources, NSr 84-3.1. p 24 



and engineering and other fields and another 5 
percent wen- still seeking employment. Thus, it 
appears th it the Nation is currently producing 
more science and engineering baccalaureates than 
are absolutt'ly required by the science and engi- 
neering work force. 

This finding clearly does not hold true for engi- 
neering and computer science, which showed em- 
fdoyment rates in science and engineering of about 
80 percent. However, engineering and computer 
sciences illustrate another important feature of the 
science and engineering marketplace: the extreme 
responsiveness of undergraduates to market sig- 
nals and career opportunities. Undergraduate en- 
rollments in both computer science and engineer- 
ing have increased dramatically in the last 8 years 
in response to excellent job opportunities for bac- 
calaureates in those fields, as discussed in chap- 
ter 1. If other scientific fields were to require 



greater numbers of technically trained baccalaure- 
ates, market signals alone would attract an in- 
creasing supply of undergraduates to them. As 
Sue Berryman has found:^* 

Overall the data on the levels and fields of 
completed degrees suggest that youth respond to 
oversupplies by earning fewer degrees in overeup- 
plied fields. If they enter an oversupplied field, 
they increase the amount of education they ob- 
tain—presumably to increase their competitive- 
ness in a loose labor maiket. They respond to 
shortage* or more liberal employment opportu- 
nities by increasing their educational investments 
in these fields at the lower degree levels and re- 
ducing them at the higher degree levels— presum- 
ably because they are in a seller's market. 



"Sue E Berryman, The Adjustment of Youth and Educational 
Institutions to Technologically-Generated Changes in Skill Require- 
ments, " op cit., p V 



GRADUATE EDUCATION 



Graduate school is the principal training ground 
for a research career. Here the student gains the 
advanced knowledge and techniques that are the 
tools of the research trade, and forms the profes- 
sional contacts that shape a research career. A 
great deal of detailed information about science 



and engineering graduate education is available 
from the National Science Foundation, the Na- 
tional Academy of Sciences, the Institute of Medi- 
cine, and the science and engineering professional 
societies. Science and engineering graduate stu- 
dents are classified by field, degree, source of sup- 
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port, type of institution, sex, racial and ethnic 
group, and citizenship. Ph.D. scientists are prob- 
ably the most thoroughly surveyed and well- 
documented citizens in the United States. This sec- 
tion summarizes the principal trends in graduate 
education, focusing on the doctoral degree as th? 
entry level to a research career. 

Graduate enrollments have followed a pattern 
similar to that of undergraduates in the past quar- 
ter century, dramatically increasi'ig in the 1960s 
and then rising more modestly in the 1970s and 
early 1980s. However, the relationship to larger 
demographic trends is far more tenuous than in 
the undergraduate case. From 1960 to 1970 grad- 
uate enrollments nearly tripled, rising from 
360,000 to over a million, while at the same time, 
the population of 22 to 34 year o'ds increased by 
only 18 percent." From 1970 to 1982, by contrast, 
the number of graduate students Increased only 
modestly, by 30 percent, while the overall popu- 
lation of 22 to 34 year olds rose more than 55 per- 
cent.^* (See below.) Thus there appears to be no 
direct relationship between graduate enrollments 
and the graduate school age population. 

Science and engineering have followed overall 
graduate enrollment trends quite closely. From 
1960 to 1970 the number of full-time graduate 
science and engineering students enrolled in U.S. 
institutions increased 150 percent, from about 
78,000 to 188,000.^^ By 1982 that number had 

"Sutistical Abstract, 1982-83, op. at , pp 25 and 15o 
^Condition of Education, op. cit , 1985, p 79, Projections of tht 
Population, op. cit , p. 36 

^'Susan Fallows, "Federal Support for Graduate Education in the 
Sciences and Engineeiing, " background paper prepared for the Ad 
Hoc Commillee on Govemnient-University Relationships in Sup- 
port of Science, National Academy of Sciences, 1983, p. 10. 



reached 264,000, a further increase of 40 percent." 
(An additional 150,000 science and engineering 
graduate students were enrolled part time, bring- 
ing the total to 414,000.^') Enrollment growth was 
greatest in the social sciences and the life sciences 
over the full 23-year period, as can be seen from 
figure 2-6, and weakest in engineering, physical 
science, and especially mathematics and computer 
science. *° 

The number of doctorate degrees awarded an- 
nually in all fields tripled in the decade of the 
1960s, reaching a peak in 1973 at 33,755. It has 
subsequently defined to a level of 31,000 per 
year, where it has remained since 1978 (see above 
and figure 2-7)/^ The number of science and engi- 
neering Ph.D.s grew slightly less rapidly, by a fac- 
tor of 2.85 between 1960 and 1970. It reached a 
peak at 19,009 in 1972 and has subsequently de- 
clined to a nearly constant level of 17,500 to 
18,000 per year in the 19805.*^ The share of total 
doctorates awarded in science or engineering de- 
creased from 65 percent in the early 196Gs to 55 
percent by the late 1970s. 

'Mcadem;c Science ^ Engineering Graduate Enrollment and Sup- 
pnr- Fall 1982, NSF 85-300 (Washington, DC National Science 
Foundation, 1925), p 20 

"Ibid 

'"Fallows, op cil , p 12 

*'Ibid , pp 3\ andi 32, Saence and Engineering Personnel A Na- 
tional Overview, op cit , p 156, gives slightly different numbers 
for total rh D.s 9,733 in 1960, 29,498 in 1970 

*^Fa ^ows, op cit , p 31 , Science and Engineering Personnel A 
National Overview, op. cit., again gives different numbers, 6,263 
science and engineering Ph D s in 1960 and 17,743 in 1970. This 
js due to a difference in classification of life science and social science 
fields between the National Science Foundation and the National 
Academy of Sciences 

'^Science and Engineering Personnel A National Overview, op. 
cit., p. 156 
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Figure 2-6.— Full-Tim ^ Graduate Enrollments in 
Science/Engineering at U.S. Institutions, by Field 
and by Year, 1960-83 
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SOURCE Susan Fallows, Federal Suppor for Graduate Education n. *he Sciences 
and Engineering {Washington, DC National Academy of Sciences 
1983), p 12 



The number of Ph.D.s aivarded annually grew 
at roughly the same rate in all science and engi- 
neering fields during the 1960s, as can be seen 
from figure 2-8. in the early 1970s, however, the 
paths of the different disciplines began to diverge. 
The number of doctorates awarded annually in 
engineering, and the mathematical and physical 
sciences decreased by 30 percent between 1971 and 
1978, dropping from 4,500 to 3,200 per year in 
the physical sciences, from 3,500 to 2,400 in engi- 
neering and from 1,300 to 960 in mathematics and 
computer science. Meanwhile, the number of life 
science Ph.D.s remained constant at about 4,400 
per year, while the number of social science 
Ph.D.s increased from 5,000 to 6,000 per year.'*^ 
Since 1978 the number of doctorates awarded each 



Figure 2-7.— Number of Doctorates Awarded by 
U.S. Institutions, by Field and by Year, 1958-8'* 




1958 60 62 64 66 68 70 72 74 76 78 80 82 83 
Year 

SOURCES busan Fallows Federal Support for Graduate Education <n the Sci- 
ences and Enginepnng , Washington DC National Academy of Sci- 
ences 1983) p 12 and National Research Council. Oocfora/fl^cip/- 
ents From United States Universities Summary Report, 1983, p 5 

year in the various science and engineering fields 
has remained relatively constant, with modest in- 
creases taking place in engineering and the life 
sciences. 

The changes in graduate enrollments and an- 
nual doctorates awarded in the different science 
and engineering fields are related to broader 
changes in the composition of the graduate school 
population since 1970. Women and foreign na- 
tionals have dramatically increased their shares 
of both enrollments and doctorates over the past 
15 years, v/ith the effects varying from field to 
field. According to educational consultant Robert 
Snyder 

It IS important to note that graduate science and 
engineering enrollments would have remained 



**FalIovvs, op cit , p 33 



*^\< G Snyder, ' Some Indicalors of the Condition of Graduate 
Education in Science and Engineering, ' paper presented at The 
Brookings Institution, Nov 15, 1984, typescript, pp 4-5 
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Figurt 2-6. "-Doctorate Dogreos in Science and 
Enginterlng by Field and by Year, 1958-83 
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SOURCES Sus«n Fallows, Federal Support for Graduate Education tn the Sci 
encea and Engineering (Washington, DC National Academy of Sci 
encas, 1983), p 12, National Research Council, Doctoral Recipients 
From United States Universities, Summary Report, 1983, p 5, and Na 
tlonal Science Foundation, Science and Technology Resources NSF 
85-305, January 1985. pp 63-65 

flat, were it not for the marked increases in fe- 
male and foreign enrollments. With respect to 
gender difference; , female full-time enrollment in 
doctoral institutions rose 53 percent in the 1975- 
1982 time period, compared to level enrollment 
for men. While sharp percentage increases oc- 
curred in engineering, environmental and com- 
puter sciences, these increases were built upon a 
meager base. Therefore, as of 1982, women com- 
prised only 11 percent of ^ull-time engineering stu- 
dents, 20 percent in physical /en* ironmental 
sciences and 25 percent in mathematical /com- 
puter sciences. The greatest impact of female en- 
rollment increases ha^ been in the biological 



sciences (40 percent women) and psychology/so- 
cial sciences (46 percent women). In fact, mah 
full-time enrollment in the 1975-82 period declined 
14 percent in the biological sciences and 17 per- 
cent in psychology /social sciences compared to 
female increases of 38 and 35 percent, respec- 
tively, in the same period. Thus female enroll- 
ments were wholly responsible for positive en''oll- 
ment trends in these two broad fields. 

In (the "EMP" sciences], enrollment increases 
have been due significantly to surging enrollments 
ot foreign students. I * engineering, foreign full- 
time enrollments rose at an average annual rate 
of 8.4 percent ^:om 1975 to 1982, reaching almost 
21,000 students or 43 percent of total full-time stu- 
dents in this broad field. This compares to in 
annual increase among U.S. citizens of only 1.6 
percent. An even larger discrepancy was in math- 
ematics/computer sciences. Here, foreign enroll- 
ments increased at a rate of 12.7 percent per year, 
to a 36 percent share of full-time enrollments, 
compared to z 0.5 percent per year increase for 
U.S. citizens. One encouraging note is that in 
1981-82, the most recent year for which data are 
available, U.S. enrollments in both these broad 
fields rose at much higher rates than previously. 

With respect to minority participation in grad- 
uate science and engineering education, the pic- 
ture in recent years is not encouraging. While ex- 
tended trend data are not available, recent NSF 
data show very low rates of participation. For all 
fields, blacks comprise only 2.5 percent and 
Hispanics 2.1 percent of full-time science and engi- 
neering enrollments in 1982. 

Data on doctoral degree production confirm 
these trends. Figure 2-9 shows the dramatic in- 
creases in percentage of Ph.D.s awarded to 
women in all fields between 1965 and 1983.** Ta- 
ble 2-3 shows the dramatic increase in the per- 
centage of science and engineering doctoral recip- 
ients who were foreign nationals on temporary 
visas between 1970 and 1983 in physics/astron- 
omy, chemistry, mathematics, and engineering. 
The first two fields increased by more than a fac- 
tor of 2; the last two by a factor of 3.*^ 



^^Opportunities tn Science and Engineering (Washington, DC: 
Scientific Manpower Commission, 1984), p 8 

*^ Professional Women and Minorities (Washington, DC Scien- 
tific Manpower Commission, August 1984), p. 32. 
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Figure 2-9.— Percent of S/E Ph.D.e Earned 
by Women 




1965 1970 1975 1960 

Yaar 

SOURCE Scientific Manpower Commission, Opportunities in Science end 
Engineering, Washington, DC, 1984, p 8 



TabI* 2.3.-P»rc»nt of S/E Doctoral Recipients Who Were Foreign Na'ionals on Temporary Visas, Seisctsd Yaart 



Field 


1962 


1966 


1970 


1974 


1980 


1983 


Phyeice'aationomy 

Chemistry 

Earth/environmental science 

Mathematics 

Economics 

PolltlcaJ science 

Engineering 

Biological science 

Medical science 

Agricultural science 

Total S/E 


9.2 

16.8 


12.2% 

11.1 

12.9 

12.6 

20 1 

13.0 

16.7 

14.3 

18.6 

304 

15.3% 


11.3% 

7.9 
13.9 
10.9 
17.2 

9.3 
13.7 
10.5 
16.6 
25 3 
12.5% 


17.2% 
10.2 
16.1 
18.5 
22.0 
10.8 
22.4 
10.5 
9.4 
33.2 
167% 


19.2% 
15.4 
1?7 
13.7 
25.0 
11.9 
34.3 
7.8 
11.3 
32.6 
18.8% 


24.6% 
16.1 
16.6 
29.8 
25.9 
13.9 
^2.1 
8.6 
137 
31.2 
15.5% 


SOURCE; Scientific Manpower Commission 


Professionel Women and Minorities, Washington, DC, 1984, p 32 









FEDERAL SUPPORT FOR GRADUATE EDUCATION 
IN SCIENCE AND ENGINEERING 



The pattern of graduate enrollment and Ph.D. 
production in sciei. :e and engineering in the I960- 
75 era is also related to the changing nature and 
level of Federal support for graduate education 
in those fields. Since World War II the Federal 
Government has utilized a variety of mechanisms 
to support graduate students and further the goal 
of enhancing the Nation's resources of highly 
trained scientists and engineers. Fellowships and 
trainic^^ are the direct forms of support for 
tnidtt<ltt%tudents that have been most frequently 
UMfd to target areas of perceived personnel need. 
Research grants and institutional support have 
also provided essential, though indirect, means 
of supporting graduate education. 

er|c 



Fellowships are tuition/stipend mechanisms 
that are awarded directly to students through na- 
tional competition. Award is made principally on 
the basis of merit, the intent being to attract the 
best students available into a particular field or 
problem area. Fellowships are portable in the 
sense that the awardee is free to enroll in any qual- 
ified institution to which he/she can gain ad- 
mittance. 

Federal traineeship programs (sometimes called 
"training grants"), in contrast to fellowships, are 
blocks of student tuition /stipend awards that are 
made to departments or institutions on a multi- 
year basis. Traineeships focus m the draining pro- 
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gram, not the student. Departments typically ap- 
ply for training grants in national competition, 
and awards are made by peer review so that high 
quality standards are met. Because of the multi- 
year block nature of training grants, they are well 
suited to target personnel at social problem solv- 
ing areas as well as broad fields of science. The 
National Institutes of Health (NIH) training 
grants, historically the lar^gest of these programs, 
have been used for both purposes. 

Federal research grants are an important vehi- 
cle for training and support of graduate students 
through the research assistantship (RA). Since re- 
search training is generally acquired through an 
apprenticeship with a faculty member, the RA 
aids in this mentoring process, while providing 
a source of financial support for the student. How- 
ever, since the primary purpose of the RA is to 
assist in the production of research, the number 
of RAs awarded is often not explicitly related to 
national personnel and training requirements. 

A final source of Federal support for graduate 
education is the institutional grar\ such as the 
general science support grant, facilities and equip- 
ment support, and the science development grant. 
Most of these forms of assistance do not support 
gradua* e students directly, but undergird the re- 
search and education environment. 

Prior to 1958, the primary source of Federal 
assistance to graduate education in science and 
engineering was the research assistantship. Ac- 



cording to education consultant Robert Snyder, 
"a survey of graduate student support in 1954 by 
NSF indicated that 10 percent of all graduate stu- 
dents received Federal stipend support (6,751), of 
which 86 percent came in the form of research as- 
sistantships." By 1969, the situation had changed 
dramatically, 36 percent of all graduate science 
and enpin^**' '^^o students (51,620) were supported 
by the Government, and 56 percent of 

those supposed held either a fellowship or a 
trainceship. Table 2-4 illustrates those changes." 

The impetus for this change was the launching 
of Sputnik by the Soviet Union in October 1957. 
The following year Congress passed the National 
Defense Education Act (NDEA, Public Law 85- 
864) which "marked the inception of large-scale 
Federal graduate education support."*' The Title 
IV fellowship program of NDEA grew to support 
more than 15,000 graduate students at a budget 
of $86 million in 1968, with support being pro- 
vided in many academic fields, including the 
heretofore excluded humanities." In addition, 
NDEA also "provided subsidies to educational in- 
stitutions to create low interest loans for needy 
students in all disciplines .... [which] would be 



"Robert G Snyder, "Federal Support Graduate Education m 
the Natural Sciences An Inquiry Into the Social Impact of Public 
Policy," doctoral dissertation, Syracuse ■ Jniver<5'*>, June 1981, pp, 
103 and 110, appendix tables 6 and 9 pp 264 and 267 

*'Ibid , p 108 

"Ibid 



Table 2-4.*- Distribution of Primary Sources Support for Full Time Science and Engineering 
Graduate Students in Doctorate-Granting Departments, Selected Years 



Source of support 


1954 


1966 


1969 


1974 


1979 


1983 


Number of graduate students: 














All sources . . . 


67,136 


118,273 


141,199 


195,915 


2;>3,409 


243,646 


Federal Government 


6,751 


44,612 


51,620 


48,016 


52,871 


47 402 


Institution/Stale 


16,958 


42,343 


50,471 


75,411 


82,813 


96,188 


Self 


39,000 


19,571 


26,307 


56,085 


37,686 


75,641 


Other 


4,427 


11,747 


12,801 


16,403 


20,039 


24,415 


Percent distribution: 














AM sources 


100 0 


100 0 


100 0 


100 0 


100 0 


100 0 


Federal Government 


10. 


37 7 


36 6 


24 5 


23 7 


195 


Institution/State 


25 3 


35 8 


35 7 


38 5 


3/1 


39.5 


Self 


58.1 


166 


186 


28 6 


30 3 


31.0 


Other 


66 


99 


91 


84 


90 


10.0 



NOTE Except for 1979 and 1983 absolute numbers m this table should be used wtth caution for trend analysir, because they derived from somewhat incompatibia 
sources 1964 data include part time students thereby overrepresenttng self supfX)rt 

SOURCES National Science Foundation Graduate Student Enrollment and Support in American Universities and Colleges, 1954. National Science Four>datio Grmiu- 
ate Student Stpport and Manpower Resources m Graduate Science Education fall 1966 ani. fall 1969, Natior>al Science Foundation, Actdemic Jcianca 
Graduate Enrollment and Support Fall. 1978. and National Scie -e Fouridalion Academic Sci3nce>EngmeennQ Graduate Enrollment and Support, Fill 1963 
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forgiven for students who later went into teach- 
ing careers. 

In the years following the passaj;-^ of NDEA, 
the President s Science Advisory Committee is- 
sued a series of reports calling for increased sup- 
port for science and engineering education. These 
reports— fcfucaf/on for the Age of Science (1959); 
Scientific Progress, the ! Universities and the Fed- 
eral Government (the "Seaborg report," 1960), 
and Meeting Manpower s in Science and 
Technology (the "Gilliian report," 1962)— 
''articulated the national need for greater numbers 
of scientists and engineers . . ., and for stronger 
Federal support for the training of manpower for 
basic research and for university level teaching 
They were followed by a set of significant actions: 

1. The NSF fellowship program, begun in 1952, 
was expanded from about 5C0 to 2,500 pf. 
year. 

2. An NSF traineeship program was begun in 
1962, and awarded 5,000 traineeships a year 
to 200 institutions by the late 1960s. 

3. NIH predocloral support programs expanded 
from 55 traineeships in 1958 to 7,696 trainee- 
ships and 1,527 fellowships in 1970. 

4. The National Aeronautics and Space Admin- 
istration (NASA) instituted a traineeship 
piogran: in 1962 for engine'^-s, mathemati- 
cians and physical scientists. 

5. The Atomic En'^rgy Commission (AEC) ex- 
panded its fellowship program and insli.uted 
a new traineeship program (1965) in nuclear 
science and engineering. 

All told, the number of science and engineer- 
ing graduate students supported by Federal pre- 
docloral fellowships rnj traineeships mcreased 
from 5,000 in 1961 to 34,100 in the peak year of 
1969." (See figure 2-10.) At the same time Fed- 
eral research and development (R&D; support to 
univeisities expanded fourfold, from $405 million 
in 1960 to ^1.595 billion in current dollars in 
1969.'* As a result, the number of federally sup- 
ported research assistantships increased to more 
than 19,600 .n 1969." 

"Fallows, op. cit , p 5 
"Ibid. 

"Snyder, op. at., 1981, p 109 and appendix table 7, p 265 
"Fallows, op. cil , p 404 

"Snyder, op cit., 1981, p 267 The number 19,646 given in ap- 
pendix table 9 of Snyder's dissertation represents those full-tirrie grad- 
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In addition to direct stipends for graduate study 
and research, two new programs in the mid-1960s 
broadened the scope of Federal support for grad- 
uate education. These were the Guaranteed Stu- 
dent Loan and Cohere Work Study programs au- 
thorized by the Higher Education Act of 1965 
(Public Law 89-3' 9). The work study program 
enabled gradu?. departments and researchers 
to hire low iPv-ome students at a small fraction 
of the costs oi t^ 2 students' wages through Fed- 
fal wage subsidies." The loan program was 
directed at low-income graduate and undergradu- 
ate students in all fields "as part of a larger shift 
in Federal policy towards aiding disadvantaged 
socioeconomic groups."^* By 1969 more than 
70,000 students were receiving guaranteed student 
loans; 17,000 were enrolled in college work-study 
pro^ - and 27,40v') held NDEA loans. An addi- 
tiv^nal 91,464 graduate and professional school 
students (the numbers are not available for grad- 
uate students alone) were supported by veterans 
benefits." It should be noted, however, that the 
average level of support per student from these 
programs was less than $1,000 per year, as com- 
pared to more than $5,500 per year, tuition plus 
stipend, from the NDEA Title IV fellowship 
program. 

Thus, between 1960 and 1969 Fedei al support 
for graduate education in science ?nd er.^^ineer- 
ing expanded dramatically, as part of -in overall 
Federal emphasis on post-secondary education. 
Other forces were at work as we^l during this 
period. Increasing State support fir higher edu- 
cation, and especially the expansion many State 
university systems in this era, created an increas- 
ing demand for new faculty to instruct the grow- 
ing numbers of undergraduates. And increasing 
undergraduate enrollments created significant ad- 
ditional demands for teaching assistants, thereby 
providing much additional giadua. itudent sup- 
port. By 1969, over 50,000 full-time science and 
engineering graduate students were receiving their 
primary source of support from institutional and 
State s . '•ces, nccirly as many as received Federal 

uale science students who indicated research dssislantships as their 
"primary type of supporf ' There may be other RA recipients that 
relied on other sources for "primary support ' and are th'^refore not 
included in the total in Snyder'*: ta^le 
^^Fallows, op rit , p 6 

'^Snyder, op cit , 198i, appendix tdble 11, p and appendix 
table \7, p 270 
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Figure 2-10.— Federal Predoctoral Fellowships aiw' ^ralneeshlps by Field 

Fiscal Years 1961-75' 



40.000 




1969 

Fiscal years 196175* 



1971 



1973 



1975 



^L*t?mate"^^ ''^"""^ b.olCQ.cal sciences b t not in other f.elds. data do not include NIMH trainees 

SOURCES For all fields except b'Ological sciences - FY 1961-1969 datk -ICE (1970). FY 1970-1975 data FICE 

(unpublished) For b.oloQical scences-FICE (i970. unpublished) a. 1 NAS. NIH trainee file, and NIH '(1978) 

M t!;!k m; * °' ''^l*'*' GMduart ftfuear/on Po/icy {tOf\ Sa^nhfiC PefSonn0K report to 

Office of Technology Assessment, June 1985, table 2 



assistance (see table 2-4). Of those students, 
33,000 held teaching assistantships,^* 

With undergraduate enrollments in both pub 
lie and private institutions increasing dramati- 
cally, as we have seen above, the labor market 
for doctoral personnel was booming in the 1960s. 



^'Graduate Student Support a'^.d Manpow.^r Resources in Grad- 
uate Science Education, N<^F 'U-40 (WasF.ington, DC National 
Science Foundation, 1969). p 5u 



The 260,000 new junior faculty hired during the 
decade exceeded the number of doctorates awarded 
between 1960 and 1969— 170,000~by 53 per- 
cent.^' This situation boosted the salaries of doc- 
torate recipients relative to other occupations, 
thereby providing added inducement for more 



"Allan Carller. Ph D s and the a .ademic Labor Market (New 
York McGraw-Hill, 1976), p 123 
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people to enter doctoral study. (Faculty salaries 
rose 50 percent faster than those of all other 
workers during the 1960s, according to Richard 
Freeman.*^) 

Thus, a complex array of interconnecting vari- 
ables—Federal, State, and pri\ te sector— appear 
to have combined to produce the surge of gradu- 
ate enrollments and doctoral production in the 
1960s addition, the Vietnam War led many 
male college graduates to enroll in graduate school 
and remain there through receipt of a degree. 

The year 1969 turned out to be a watershed for 
Federal support of graduate education in science 
and engineering. A combination of political, eco- 
nomic, and social factors, and a growing Federal 
awareness that demand for doctoral scientists and 
engineers was not keeping up with supply, led to 
severe cutbacks in Federal fellowship ard trainee- 
ship support. The number of U.S. Government 
supported fellows and trainees declined from 
36,000 in 1969 to 10,800 in 1975. The NDEA Ti- 
tle rV fellowship program was phased out in 1973. 
NSF traineeships, NIH fellowships, NASA trainee- 
ships, and AEC fellowships and traineeships were 
all eliminated in the early 1970s. All that remained 
by 1979 were 4,800 NIH traineeships, approxi- 

*^Th€ emand for New Faculty m Science and Engineering { Wash- 
ington^DC- National Research Council 1980), p 117 

"Richard Freeman, The Market for College-Trained Manpower 
(Cambridge, MA Harvard University Press, 1971), pp 77-80 



mately 1,500 Alcohol, Drug Abuse, and Mental 
Health Administration (ADAMHA) traineeships 
and fellowships, and 1,500 NSF merit fellow- 
ships." 

Federal R&D expenditures at universities, which 
had increased by a factor of 4 in current dollars, 
and a factor of 3 in constant dollars, between 1960 
and 1968, stopped growirg. In 1974 the level of 
Federal R&D support to universities was only 25 
percent above its total 6 years earlier in current 
dollars, *^nd 7.2 percent less in constant dollars." 
The number of federally supported research as- 
sistantships decreased by about 10 percent be- 
tween 1969 and 19^4. 

The efiects of changing levels of Federal sup- 
port on the supply of new science and engineer- 
ing Ph.D.s is seen most dramatically by com- 
paring the experience of different science and 
engineering fields during the contraction period, 
1968-75. Figure 2-10 and table 2-5 show the dra- 
matic drop in the number of Federal fellowships 
and traineeships awarded in engineering, mathe- 
matics, and the physical sciences between 1968 
and 1975. The number of awards dropped from 
3,000 to 200 in mathematics; from 6,000 to 600 
in the physical sciences, and from 5,500 to 700 
in engineering.*^^ The total number of full-time stu- 

*^Snyder, op cit , 1981, pp 122 and 123 
"Fallows, op cit , p 4 

**Snyder, op cit , 1981, appendix table 7, p 265 



Table 2-5.»Federal Predoctoral Fellowships t.ii Traineeships by Field, Fiscal Years 1961-75' 





All 




Physical 




Oiological 


Social 


Fiscal year 


sciences 


Mathematics 


sciences 


Engineering 


sciences 


sciences 


1961 . . 


5,445 


629 


1,273 


638 


1,782 


1,123 


1962 . . 


9.245 


852 


1,684 




3,911 


1,938 


1963 . . . 


11,224 


899 


1,955 


1,050 


4,940 


2,380 


1964 


12,757 


1,024 


2,461 


1,402 


5,337 


2,533 


1965 


16,683 


1,211 


2,974 


3,092 


6,329 


3,077 


1966 


21,929 


1.824 


4,353 


4,190 


7,536 


4,026 


1967 . ... 


28,895 


2,598 


5,424 


4,784 


9,250 


6,839 


1968 


33,901 


3,024 


5,960 


5,507 


10,161 


9,249 


1969 .. 


34,100 


2,734 


5,776 


5,058 


10,882 


9.650 


1970 


30,646 


2,006 


4,459 


4,323 


11,182 


8,676 


1971 


26,694 


1,073 


4,071 


3,540 


9,669 


8,341 


1972 


23,579 


776 


3,212 


2,953 


8,851 


7,787 


1973 


19,335 


447 


1.893 


1,938 


8,114 


6,943 


1974 


13,084 


343 


1.183 


1,225 


6,111 


4,222 


1975 


10,787 


208 


592 


715 


6,098^ 


3,174 



'Data include NIH training grant trainees in the btologicai sctences but not m other fields data do noi mciude NIMH tratnees 
^Estimate 



SOURCES For ell fields except biological science»-FYl96l 69 data, FICE (1970), FY 1970 7£ data FICE (unpublished) For bioioQicai sciences-FJCE i\970 unpub 
liehed) and NAS NIH trainee file, and NIH (1978) Robert G Snyder The Effectiveness of Federal Graduate Education Policy {for} Sc. pntific Personnel report 
to OTA. June 1985, table 2 
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dente in doctorate granting departments supported 
by the Federal Government in engineering, math- 
ematics, and physical science decreased by 18, 57, 
and 33 percent, respectively, between 1969 and 
1974 as can be seen in table 2-6.^' Figure 8 shows 
the substantial decline in Ph.D.s awarded in engi- 
neering, mathematics, and the physical sciences 
that occurred in the period 1972-78." It should 
be noted that those three fields were also affected 
by a dedine in Federal research fimds awarded 
to universities of 20 percent in constant dollars 
between 1968 and 1974.^'' 

By contrast. Federal fellowships and trairsc- 
ships declined, but not nearly so precipitously, 
in the biological and social sciences— from 11,000 
to 6,000 in the former, and from 9,700 to 4,200 
in the latter. Moreover, as table 2-6 shows, the 
total number of full-time graduate students sup- 
ported by the Federal Government, including RAs 
and other forms of support, actually increased by 
45 percent in the life sciences and remained con- 
stant in the social sciences in the period 1969-74. 
In addition. Federal funding of research at univer- 
sities and colleges in the life and social sciences 
remained at the same level, in constant dollars, 
throughout the 1968-74 period, as opposed to the 
decline in engineering and the mathematical and 

••Ibvi., appendix table 10, p. 266 
••Falloivi, op. cit., p. 33. 
"Snyckr, op. cit., 1981, p. 262 



physical sciences reported above. It is not surpris- 
ing, therefore, to find that the number of Ph.D.s 
in the life and social sciences did not decrease in 
the 1970s. 

The apparent correspondence between decreases 
in Federal educational support in particular fields 
and decreases in the numbers of doctoral degre^ 
awarded several years later does not, of course, 
prove causality. The numbers do, however, sug- 
gest that there may be a relationship between these 
twD variables. 

From 1974 to 1980 the Federal share of support 
for full-time science and engineering graduate stu- 
dents in doctorate granting institutions remained 
relatively constant at about to 23 to 25 percent 
of the total. Since 1980 it has declined io less than 
20 percent." Figure 2-11 presents the percentage 
shares of Federal support for science and engineer- 
ing graduate students as a whole and by field. 
Note the sizable variation from field to fidd, with 
mathematics and the sodal sdences at 11 percent 
Federal support, and engineering, physical and 
environmental sciences, and life sciences at 20 to 
30 percent. 



"Ibid , appendix table 10, p 268, and Academic Science/Engi' 
neenng Graduate Enrollment and Support Fall 1982, op. cit., pp. 

112-113 



Table 2-6.— Fuil Time Graduate Students in Doctorate-Granting Institutions Supported by 
the Federal Governr jnt by Broad Field, Selected Years 



Total full-time enrollment/ " 

number federally supported 19(*9 1972 1974 1978 1983 

All sciences 141,1)9 149,937 195,915 217,538 243,646 

51.6:>0 45,029 48,016 51.373 47,402 

Erglneering 30,8 >0 30,908 33.691 37,129 53 553 

12,334 11.246 10,164 10.625 11,924 

Physical sciences 30,^5 27.544 29.649 31.375 35.904 

13,187 9,687 8,868 10.123 10,886 

Mathematical sciences 11,727 ii,909 13,423 13 706 19581 

. 3,223 1,908 1,393 1,307 1.794 

Life sciences 27,588 34,083 54,800 65.097 65,185 

11,513 12,037 16,757 19.:59 17,221 

Psychology 11,918 14,282 18,72e 20,677 21,327 

5.127 4,691 4.404 3,943 1.982 

Social sciences 28.97! 3^211 45,624 49.604 48096 

^•^•ral 6 ?^^ ^^460 M^D 5^716 3!595 

SOURCES «ot»rtQ Srydtr F9<i»rai Support of Graduate Educshon m u,e ..aturai Saences. 6oc\orA\ 6is^er\itiOn Syracuse University Jun«l9etapp tabi* 10 p 288 
and Ntftonai Scitnc* Foundation. A, ademic Science/Bnc-neenng Graduate Bnroilment and Support. Fall 1983, nSF 85-300. labia 014, pp 112-113 
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Figure 2-11.— Fuii-Ttme Graduate Students in 
Doc*orate-GrarMng institutions Supported by the 
Federai Government by Broad Fieid, 
Seierted Years 




1972 



1978 



1983 



Year 



SOURCES Robert G Snyder Feaeraf Support of Graduate Education m the 
Natural Sciences, Doctoral Dissertation Syracuse University 
June. 1981, appendix table 10. p 268 and NSF Academic Science/ 
Engineer.ng Graduate Enrollment and Support Fdll 1983 NSF 
85-300 table C14 pp 112-113 



THE FUTURE 



The exact interplay of the various factors tf.at 
will determine graduate enrollments and Ph.D. 
production in the sciences and engineering over 
the next 20 years is difficult to predict. It was 
i;hown above that three factors apptdr to influ- 
ence the numbers of Ph.D.s awarded in science 
and engineering fields: Federal support for grad- 
uate education, State and institutional support, 
and demand for new doctorates. Federal support 
for graduate education in the sciences and engi- 
neering may rise modestly in the next decade if 
the funding of research grants to universities, and 



hence research assistantships, continues to in- 
crease. Fellowship and crainecship support will 
probably remain constant. State and institutional 
support will probably decline due to declining en- 
rollments, with the declines being greatest in the 
Northeast, Middle Atlantic, and Midwestern 
States. However, it is also possible that science 
ari engineering enrollments will not experience 
the overall declines of the rest of the higher edu- 
cation system and that States will continue to pro- 
vide extra support for science and ejigineering re- 
search at their State universities as part of their 
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efforts to develop high-technology industries for 
ecoromic growth. In that case. State and institu- 
tional support may not decline at all. 

As for demand, we shall see in chapter 3 that 
the academic demand for new science and engi- 
neering faculty is likely to be very weak over the 
next decade and very strong from 1995 to 2010. 
Industrial demand for new science and engineer- 
ing PhX .s, by contrast, has been growing at 7.8 
percent per year over the past decade and will, 
if it continues to grow at present rates, compen- 
sate for the decline in academic demand between 
1985 and 1995. After that, if industrial demand 
continues to grow, there will be stiff competition 
between industry and academia for new scientific 
and engir.eering doctoral degree recipients in the 
1995-2010 time frame. That competition will be 
discussed in chapter 3. 

In the near lerm, what is remarkable is the 
overall flatness or the recent trend lines, since 1978 



(see figures 2-12 and 2-13),*' for total doctorates, 
for doctorates in science and engineering, and for 
full cime graduate enrollments in science and engi- 
neering. The only exception l.as been engineer- 
iJig graduate school enrollment, which has in- 



**Sdence and Technology Resources, NSF 85-305 (Washington, 
DC National Science Foundation, January 1985), pp, /5 and 77. 

Figure 2-1 2.- Doctorates Awarded 
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SOURCE National Science Foundation. Science T0chnoloay /?aao(/rc«a. 

NSF 85.305. January 1985, p 77 u ^m, 



FIjur 2-13.— Full-Time Graduate Enrollment by Area of Science/Engineering' 





Year 



b!l^]l'^^^^^\''^ 1''"°"? *° ^^^^ collected from a selected group of departments rather than fom the universe 

"Includes support from otate and local govsrnments 

SOURCE National Science Foundation. Scmnci gnd Uchnology Resources, NSF 85-303. January 1985, pp 53-65 
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creased dramatically, primarily at the master's 
level. A reasonable assumption for the next dec- 
ade, which is that of the Scientific Manpower 
Commission and the National Center for Educa- 
tion Statistics (see figure 2-14)/^ is that there will 
be a continuation of current enrollment and Ph.D. 
production levels. Fngineering is likely to continue 
to increase its share c.nd the social sciences to de- 
crease theirs, due to market forces. Women, 
whose attainment of science ^ A engineering 
Ph.D.s has grown at a rate of 6 8 percent per year 
since 1973, are likely to increase their share of doc- 
torates in these fields, while that of men will prob- 
ihly continue to decline. Foreign nationals will 
undoubtedly continue to be strongly represented 
among science aad engineering Ph.D.s. 

The working assumption for this document is 
that near-term graduate enrollments will remain 
constant and Ph.D. production will remain within 
about 10 percent of its current level. In the longer 
run, the strong market for science and engineer- 
ing Ph.D.s that should occur at the turn of the 

^"The Technologjcal Marketplace (Washmglon, DC Scientific 
Manp. wer Commission, May 1985). p 11. and Condition of Edu- 
cation, 1985, op cit , pp 128-129 



Figure 2 14.— Trends in Doctor's Degrees 
Conferred, by Sex of Recipient 
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century could lead to an increase in the number 
of annual doctorates awarded in those fields as 
students are attracted into them by career oppor- 
tunities. Tus development will be discussed in 
chapter 3 when we examine the future demand 
for science and engineering doctorwl degree 
holders. 
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Chapter 3 

Demographic Trends and the Academic 
IVIarket for Science and Engineering Ph.D.s 



THE NEAR-1 

Nowhere does a confluence of demographic 
trends produce more dramatic results than in the 
projected hiring pattern for new Ph.D.s in the Na- 
tion's universities^ and colleges. Two trends are at 
work here. First, the decline in higher education 
em:>llments projected for the 1982-97 time period 
by the National Center for Education Statistics 
(NCES) and others (see chapter 2) should reduce 
the total demand for faculty proportionately. The 
subsequent increase in probable enrollments ever 
the 1997-2010 period should lead to an increase 
in the size ot the professoriat. 

A second trend has to do with faculty retire- 
ments, and rejects an earlier demographic event 
—the spectacular growth in college faculty fhat 
accompanied the arrival of the post-World War 
II baby boom generation on campus in the 1960s 
and early 1970s. The near tripling in full-time 
equivalent (FTE) higher education enrollments 
that took place between I960 and 1975 (from 3 
to 8.5 million) was accompanied by an equiva- 
lent near tripling in the size of the full-time in- 
structional staff (from 154,000 to 440,000).' This 
created an age distribution among college and 
university faculty in the late 1970s that was heav- 
ily skewed toward 35 to 40 year olds and away 
from 50 to 65 year olds. Figure 3-1 compares the 
actual age distribution of faculty in 1978 with a 
model age distribution that would be character- 
istic a steady-state equilibrium with constant 
fact iize.^ The overrepreseiitation of 30 to 40 
year olds, and underrepresentation of 55 to 65 
year olds are quite obvious. 

As a result of this skewed age distribution, the 
rate of retirement of college and university faculty 
is low and will continue to remain so until the 



'American Council on Education. 1984-85 Fact Book on Higher 
Education (New York MacMillan. 1984). ^alle 114 

Nahonal Research Council, Resedrch Excellence Through the Year 
2aw (Washington, DC National Academy of Sciences 1979). p 19 
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early 1990s. Figure 3-2 shows the combined death 
and retirement rates projected for the major 
science and engineering fields through the course 
of the century by Charlotte Kuh.^ A cady state" 
ra^'^, assuming all faculty work for 35 years, from 
rec ipt of Ph.D. at age .50 to retirement at age 65, 
and no faculty growth, would be 2.5 to 3.0 per- 
cent per year.^ It is clear that none of the fields 
displayed in figure 3-2 reach that rate I'ntil the 
1990s, and only the social sciences surpass 2.5 per- 
cent per year before 1994. Thus the period of low 
faculty retirement and death rates coincides with 
the period of possibly declining student enrollments. 

The confluence of these two trends leads to a 
period of extremely weak demand for new doc- 
torate*, ir academia from the early 1980s through 
the mid- 1990^'. Figure 3-3 illustrates the gap be- 
tween the projected demand for new faculty, 
which averages 6,500 to 16,000 per year during 
this period, 5 and annual awards of doctoral de- 
grees, which average about 30,000 per year. This 
compares quite unfavorably with the 1960s when, 
as shown in chapter 2, the supply of new Ph.D.s 
averaged 17,000 per year and the demand for 
faculty (including both doctoral and nondoctoral 
faculty) averaged 26,000 per year. It is also con- 
sidprably worse than the situation in the early 
1970s, when the supply of new Ph.D.s averaged 
31,000 per year and the demand for faculty 
(growth plus replacements) also averaged about 
31,000 rer year, according lo OTA analysis.* It 



1bid . p 23 
Mbid , p 24 

'William G bowen. Report of the I'resident iPnnceton. N] I^nnce- 
ton University. April 1981 ). p 20. Charlotte Kuh and Roy Radner, 
Preserving a Lost Generation, report to the Carnegie Council on 
Policy Studies in Higher Education. October 1978. p 9 

"According to the National Center for Education Statistics there 
were 403.700 FTE faculty employed in 1970. 502,700 in 1975 and 
528, 700 in 1980 That translates to growth rates of 19.800 per year 
between 1970 j/id 1975 and 5.200 per year between 1975 and 1980; 
U S Department of Education. Condition ot Education (Washing- 

Uontinucii on p $7} 
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Figure 3-1.— Actual and Steady-State Age Distributions, 
Fuli-Tlme Doctoral Faculty at Ph.D. Granting lnstitutic<is, 1978 



t 




SOURCE National Research Council. Research Excellence Through the Year 2000 (Washington. DC National Academy Press, 1979). p 19 



Figure 3-2.— Combined De^th- Retirement Rate, Percent of Faculty 
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SOURCE NatJcoal Research Counci-. ««earc/> £jf cW/enje rftroogft m# year 2000 (Washington DC National Academy i ess 1979) p 23 
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Figure 3-3.— Annual Number of New Hires Based on Projections 
35.000 1 




1970-7S 1975-80 1980-85 1985-90 1990-95 1995-00 

Five-year intervals 



n Princeton model ||||| Kuh-Radner model ^ OTA calculated from historical data 

SOURCES William G Bowen. Report of the President (Princeton, NJ Pnncelon University, April 1981) p 20, and C Kuh and R Radner, Preserving a Lost GeneratiOf} 
report to the Carnegie Council on Policy Studies in Higher Education October 1976, p 40 



is roughly comparable to the late 1970s, when 
31,500 doctorates were awarded annually, but the 
number of new faculty slots averaged approxi- 
mately 19,000 per year. Although over 40 per- 
cent of all science and engineering Ph.D.s enter 
industry or government, it is important to remem- 
ber that most analysts assume that no more than 

(continued from p 55) 

ton, DC: U.S. Government Printing Office, 1985), table 2 12, p. 
110. According to the National Research Council thp combined death 
and retiren»*nt rule for faculty in the 197U was about 1 2 percent 
per year; National Research Council, op. cit , p 23. This translates 
into total deaths and retirements of 4,200 per year between 1970 
and 1975 and 6,000 per year between 1975 and 1980. Charlotte Kuh 
and Roy Radner .^eport tenured and nontenured quit rates of 0.5 
and 4 percent per year in the mid-1970s; Kuh and Radner, op. cit , 
table A'4, p. 41. Using those quit rates and the ratio of tenured to 
nontenured faculty reported by Kuh and Radner in the same source 
(70:30) resignations can be estimated to be 6,300 per year from 1970 
to 1975 and 7,800 per year from 1975 to 1980. Adding growth plus 
retirement plus resignations for each 5-year period gives the total 
annual demand for new faculty of 31,000 for 1970-75 and 19,000 
for 1975-80 reported in the text 



50 or 60 percent of all new faculty positions will 
be awarded to holders of the doctoral degree. The 
remainder will go to M.A.s, M.D.s, J.D.s, D.D.S.s, 
and other first professional degree holders. 

This decline in academic positions available to 
new Ph.D.s was first projected in the early 1970s 
by Alan Cartter. Fiis projections were refined and 
modified by a number of analysts, including Roy 
Radner, Charlotte Kuh, and Louis Fernandez^ be^ 
Iween 1976 and 1980, but the basic findings re- 
mained the same. Kuh and Radner were so dis- 
turbed by the implications of this finding for the 
career- ^f young scholars that they entitled their 



'Alan Cartter, Ph.D.s and the Academic Labor Market (New 
York: McGraA -HilI, 1976); Lcuis Fernandez, U.S. Doctorate Faculty 
After the Bocw: Demographtc Projeciions to 1995. Technical Re- 
port No. 4, Carnegie Council on Policy Studies in Higher Educa- 
tion, Octobet 1978; Kuh and Radner, op. cit.; Roy Radner and L. 
S. Miller, Demand ^nd Supply tn U.S. Higher Education, a report 
to the Carnegie Counal on Policy Studies in Higher Education, 1976. 
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Figure 3-4.— Annual New Hires by Field 
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Study for the Carnegie Council on Policy Studies 
in Higher Education, Preserving a Lost Genera- 
tion: Policies to Assure a Steady Flow of Young 
Scholars Until the Year 2000. 

In 1978 the National Research Council (NRC) 
asked Kuh and Radner to adapt their forecasts to 
science and engineering fields, as part of a study 
on Research Excellence Through the Year 2000 
(reference 2, above). Using National Science Foun- 
dation (NSF) and NRC data, Kuh and Radner pre- 
pared a set of projections for the number of new 
faculty hires that would be required each year 
from 1978 to 2000 for science and engineering as 
a whole, and for the major broad field catego- 
ries. Those projections are summarized in figures 



3-4 and 3-5 which also compare the number of 
new hires with the number of doctoral degrees 
awarded in 1983.' As can be seen, Kuh and Rad- 
ner predict a weak academic market for science 
and engineering Ph.D.s from the early 1980s to 
the early 1990s followed by sustained growth 
through the year 2000. (The apparent growth in 
new hires in the physical sciences between 1980 
and 1988 is the artifact of a spuriously high non- 
tenured quit rate built into the mod^l for that 
group.) 



•National Research Council The Demand for New Faculty in 
Science and Engineering, 1979 (vVashingtop DC National Acad- 
emy of Sciences, 1980), pp. 62-63, 176-177 



59 




PROBLEMS WITH PROJECTING THE DEMAND FOR NEW FACULTY 



To dettTnine whether or not Kuh and Radner's 
projections of a hiring decline from 1983 to 1995 
are correct it would be useful to compare their 
near-term (1975-83) projections with recent his- 
torical experience. Unfortunately, that is a very 
difficult task, for two reasons. First, and most seri- 
ous, is the extraordinary fact that no organiza- 
tfon-not NSF, nor NRC, nor NCES— acfua//y 
measures the number of new faculty appointed 
in a given year. Thus we cannot compare projec- 
tions with any directly observed data.' 



*In ih most recent survey of Ph.D. -granting science and engineer- 
ing departments the National Science Foundation asked chairmen 
to estimate the number of new full-time permanent appointments 
made in 1983. Unfortunately, this is a limited sample, and the re- 



Peter Syverson and Loma Foster of NRC have 
attempted to infer hiring rates indirectly from 
NRCs biannual Survey of Doctoral Recipients 
(SDRs), a longitudinal study of the career patterns 
of a 10-percent sample of sdenoe, engineering, and 
humanities Ph.D.s. Comparing responses to the 
1981 and 1983 SDRs, Syverson and Foster esti- 
mate the growth in the number of faculty posi- 
tions as ''the change in the number of academi- 
cally employed respondents between 1981 and 
1983" and attrition as ''the proportion of respond- 



sults have not yet been published. Moreover, NSF hat tome ftter* 
vations about the accuracy of reporting or. this question. PerMnal 
communication from Christine Wise, Science Resource Studies Di- 
vision, National Sdcttce Foundation, Sept. 23, 1965. 
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cnis who no longer reported academic employ- 
menr in 1983," Syverson and Foster find that 
''rv*-:; when the academic labo market is in an 
overall steady state, as it now appears to be, there 
continues to be demand on the order of 5 to 7 per- 
cent" for both replacement and growth. See fig- 
ure 3-6 for the percentages by field. Comparing 
annual doctoral degree production for 1983 with 
the calculated number of job openings they find 
ratios ranging from abouc 190 new Ph.D.s per 100 
academic job openings in engineering and physi- 
cal science to 109 per 100 in mathematics and 
computer science, with the life and social sciences 
directly in the middle." (See figure 3-7.) 

For individual fields we can compare Syverson 
and Foster's calculated new hires with Kuh and 
Radner's projected new hires for 1983. The results 
are di^layed below. 

Although the totals for science and engineering 
are reasonably close, there are clearly serious dis- 
crepancies between the projections and the cal- 
culated new hires in all fields, with the greatest 
differences appearing in the social sciences and 
engineering. The fact that some fields are substan- 
Hally overproiected while others are iind*»rpro- 
jected indicates that the problem is probably not 
simply one of a lack of comparability in the pop- 
ulations being studied. 

A second (actor limiting the ability to treat pro- 
jections from models such as that of Kuh and Rad- 
ner as precise numerical predicdons is the extreme 
sensitivity of those projections to assumptions 
made by the modellers about certain key param- 
eters connecting enrollment to the demand for 

••Peter Syverson and Loma Foster, "New Ph.D.s and the Aca- 
demic Labor K4arket/' Office of Science and Engineering Personnel 
Staff Paper No. 1, typescript, p. 2. 

"Ibid., pp. 3 and 10. 



Fig • 3-6.— Replacement Demand At a 
Percentage of the Total Academically 
Employed— Science and Engineering, 1983 
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SOURCE Piter Syverson and Lorna Fostar. n%w PhDt Md tht Ac '*%mic 
L%bor Mitftt (Waahlngton, DC National Research Cr .ncl. .964). 
pp 4ai.. , 

faculty. These parameters include retirement 
rales, tenure and prcn:iotion rates, voluntary "quit 
rales/' and variations in the overall ratio of faculty 
to students from year to year. Robert Klitgat-trd 
reports that ''reasonable variations" in one param- 
eter alone, "quit rates," lead to projections of new 
hires differing by a factor of 5 or 6 by 1985." 



"Robert E. Klitgaard, Tht Declint of tht Best? Discussion Paper 
No. 65 D (Cambridge, MA: John T\ Kennedy School of Govern- 
mtni. Harvard University, May 1979), p. 16. 



New Academic Hires, by Sdcncc and Engineering Held, 1^1 
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Figure 37.— New Ph.D.s Per 100 Academic 
Job Openings 

Science and Engineering, 1983 
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Loe Hansen and Karen Holden have calculated 
the effect of changing the mandatory retirement 
age from 65 to 70, They find that a 5-year shift 
in the retirement age assumed 'n their projection 
model causes a 63-percent drop in the projected 
number of new faculty hired in the 1987, and a 
23-percent drop in projected new faculty hires in 
1992.-^ For 1987, the number of projected new 
hires falls from 38.8 percent of its 1977 level to 
14,5 percent, while for 1992 the projected percent- 
age declines from 44.2 to 33.9 percent. 

Klitgaard, in a provocative essay on the pitfalls 
of forecasting academic demand, shows the effects 

~»W. Lee Hansen and Karen C Holden. "Critical Linkage*^ 
Higher Education: Age Composition and Labor Costs." Insurance 
Mathematics A Economics, vol. 4. No. 1. January 1985. pp. 60^1. 



of changing assumptions about retirements, "quits," 
promotions, and faculty-student ratios. Taking 
a model de *»ioped by Louis Fernandez, Klit^^iard 
simultaneously varies each of the above-men- 
tioned parameters to the limit of its range of un- 
certainty and then adds or multiplies the variances 
produced. The result is depicted in figure 3-8 
which shows a variation of a factor of 6 between 
the sum (or product) of the extreme highs and the 
sum (or product) of the extreme lows of all of the 
variables taken together." 

In April 1985, at the request of OTA, NRC con- 
vened a panel of academic labor market specialists 
to determine whether the projections made in the 
late 1970s are still valid, in the Pght of new data 
and subsequent analyses. The pan^l devoted a 
great deal of attention to the many uncertainties 
that surround projections of student enrollments, 
faculty retirements, "quit rates," promotions, ten- 
ure decisions, and salaries. However, there was 
general agreement that the overall direction of 
change projected in the late 1970s was still valid. 
According to Michael McPherson, a participant 
af ' oth the 1978 and 1985 NRC workshops:" 

Q - po^nt that is very much worth underiin- 
ing IS thac we aii seem to be in rou^^i agreement; 
the 1970s projections of overall deirand for 
ter hers lor the next decade aren't obviously 
wrong. People knew there were uncertainties 
when they were made; of course, uncertainties 
still exist, but if there is something r'^.iiv wrong 
v ' ' the projections, it is not anything tnat we 
have detected .... 

.... by and large, all people looking at this 
question generally have the same picture of what 
will occur. There is much agreement both about 
the major quantitative factors impinging on this 
set of labor markets and, at a broad level, aboat 
how the market will react to those forces. 

There was also substantial agreement that de- 
spite the consensus c overall trends, the range 
of uncertainty in the factors that influence demand 
make any numerical comparisons with predicted 



"Khtgaard. op. cit.. p. 19. 

•^National Research Council. "Draft Proceedings of the Work- 
shop on the Forecasting of Demand for University Scientists and 
Engineers." Apr. 8. 1985. pp 32 and 49. 
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Year 



More rtm variability rapraaantad hara doaa tKt Ircluda uncartalnty in anrollmants Calculations and graph by author 

^^^^ Diacuaalon Papar No 65 D (Cambrld ja. MA John F Kennedy School of Gov.fnm.nt. Harvard 



mipply very problematic. McPhcrson summarized 
these uncertainties as follows:^* 

The workshop ditcuMions .... highlighted a 
numbfl* of complications and qualifications, some 
cSwh ch were acknowledged in the earlier vork. 
Am^ng the most i**«portant of these were the fol- 
lowing: 

1. The Re$eMrA Excettenct study focused on 
the demand for teaching faculty, but re- 

*^lichad S. McPhenon, "Numbcn and Quality: Aiw^yzbig the 
MMiat for Unlvmity SdntMf and Ei«i^^ 
Cooncfl, fioiwcmting cfDmuidfor Univtnlty Sdentim snd Engi- 
Mm /)«Miir«i of a KMahflp (Wm^ 
muf?nm,m5h p. 1. 



search support generates academic hiring 
too, especially in major universities. Some 
universities are evolving elaborate patterns 
of nonfaculty research staffing, partly in re- 
spond? to antidpuied declines in teaching 
positions. To the extent that universities can 
successfully decouple teaching from research 
Immg in tl:«V way, the effects of fluctuations 
in ervoUment on research effectiveness may 
be mitigated. 
2. Research Excellence and related studies 
treated the pace ol retirements . j mechani- 
cally determined by faculty demographics, 
whereas in fact retirement should be seen as 
a decision influenced by, among other 
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things, the economic incentives f;»cing re- 
tirees. 

3. Research Excellence followed the modeling 
work of Radner and Kuh in supposing that 
universities would respond to declining de- 
mand for faculty by reducing the rates at 
which they promoted people to tenure .... 
So far that is apparently not happening: 
universities are hiring more faculty off the 
tenure ^''^ck but continue to promote tenure- 
track faculty as before. 

4. The models on which Research Excellence 
relied dealt with academia as a whole, but 
in fact different segments of the academic 
system may behave ver/ differently in the 
years ahead. 

5. It is similarly important to recognize that 
different fields vi^ithin science and engineer- 
ing are likely to fare very differently, owing 
both to variaaons in research funding and 
in student course preferences. 

Because of these uncertainties, participar c at 
the w/cf kshop generilly felt that it is more impor- 
tant to analyze existing data and refine our under- 
standing of how the academic labor market works 
Lhan to make detailed projections of the numbers 
of Ph.D. s required or produced in specific fields. 
In the words of Stephen Dresch:" 

. . . [we netrd] lo lidve sorrie icasonably sus- 
tained work in this area . . . nobody systemati- 
cally asks, "What data should be collected to an- 
swer interesting questions?" Therefore, a lot of 
money used to colle i data is, in fact, wasted be- 
cause the data collected has fatal flaws: it tracks 
some flows in the system but doesn't permit track- 
ing other flows, a situation that could very eas- 
ily have been rectified if one had been striving for 
a complete picture. A lot of data, in fact, is in- 
complete and can't be spliced together. The oiher 
side is that, for all practical purposrs, we really 
don't want to pay anyone to learn anything with 
these data. What we essentially want is to "buy" 
the aura of rationality in action . . . 

McPhe*son summarized the situaiion as follows:** 

On the qualitative side, we really need to un- 
derstand bette*" how this system behaves, recog- 
nizing that institutions and mdividuals adjust 
when conditions change. The simplest kinds of 
manpower forecasting models assume a great deal 
of rigidity- that people in institutions just con- 

*'NatioiiaI Research Council, "Draft Proceedings," op. cit , p. 29. 
"Ibid., p. 51. 



tinue to do what they used to dc in the face of 
radical changes in conditions— but we know that 
is false, because in one way or another gaps get 
filled .... It is in the adju^ .ment process that bet- 
ter qualitative understanding is needed. For that 
purpose the quantitative models are not really so 
much intended to be accurate predictions of the 
future as guidelines that shov us where the ad- 
justments will have to occur and direct our un- 
derstanding. 

No V, to achieve this qualitative understanding, 
we don t really want co develop a super-elaborate, 
sophisticated structural nodel .... Instead, we 
should study the many variables— wage behavior, 
tenure policies and how they respond, how uni- 
versities handle nonfaculty research positions-- 
and build up from that a better understanding, 
not so much to predict but to understand how this 
beast operates. What we need is more basic re- 
search into these labor markets. 

Participants at the workshop listed the follow- 
ing items for research on the qualitative aspects 
of the academic labo- market:^' 

1. How is the quauty of s^.udents attracted to 
advanced study influeiiced by changes in la- 
bor market conditions? Will declining de- 
mand cause the best students differentially 
to select themselves out of scientific careers? 

2. How do academic departments cope with 
hiring shortages like those now being ex- 
perienced in engineering, and with what im- 
plications for research and teaching effec- 
tiveness? 

3. How, and how effectively, do universities 
respond to reductions in demand for teach- 
ing faculty? 

4. Whe t factors mfluence 'he mobility of expe- 
rienced Fli.D.s, both among fields and between 
academic and nonacademic employment? 

Peter Syverson of NRC summariz.-s the state 
of the art of forecasting supply and demand in 
the academic mariet as follows:^^ 

At present oui ability to forecast changes in the 
academic market is decidedly limited. For any- 
thing more ''enned than seat-of-the-pants plan- 
ning, a far more precise model must be developed 
to accurately reflect the academic market up to 
and beyond the turn of the century. 



'*McPherson, op. cit , p 4 
"Syverson, op cit., p 12 
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'MPUCATIONS OF THE NEAR-TERM TRENDS 



The implications of the overall trends projected 
by labor market specialists in the late 1970s, and 
confirmed by the NRC workshop in April 1985, 
were discussed at great length in conjunction with 
the early forecast of a declining academic labor 
market for Ph.D.s in the 1980s and early 1990s. 
Kuh and Radner, for example, in their work on 
Preserving a Lost Generation argued that:" 

It is in both the national interest and the inter- 
est of individual institutions to assure a moder- 
ate but steady flow of young doctorate scholars 
into academia .... An academic enterprise in 
which half as many young faculty did twice az 
much teaching could not help but result in a con- 
siderably smaller amount of research, with con- 
siderable consequence for U.S. science .... 
When fewer and fewer people can be hired, the 
predictors (of creative and lasting scholarship) are 
likely to become more and more conservative. 
Theyoung Ph.D. who has two published articles 
in addition to his thesis is likely to be chosen over 
the young Ph.D. who has an interesting area of 
research with a longer gestation period. "Mis- 
takes," after all, are much more costly when they 
can be spread over fewer people. But, in fact, the 
research with the longer gestation period may be 
more productive in the h 4 run .... Programs 
are needed which allow [the research universities] 
to take some 'long shots" in the hiring of young 
scholars. The larger the pool, the more likely that 
the best scholars will be found in it. 

The 1979 National Academy of Sciences report 
on Research Excellence Through the Year 2000: 
The Importance of Maintaining a Flow of New 
Faculty Into Academic Research, cited above, 
enumerated in some detail the possible conse- 
quences for science of the projected decline in ;^ca- 
demic hiring of Ph.D.s. According to t^e Com- 
mittee, "damage to the nation's research effort is 
likely to result from the expected constriction in 
the flow of new faculty" for a number of rea- 
sons:" 

1. the rate of research innovation, the inflow 
of new ideas, and the vitality of the research 
environment will be impaired; 

"Kuh .:nd Radner, op cit , pp 2-3 

"National P*Nearrh Council. Research Excellence op cit . p vi 



2. continuity in the education and sociJization 
of succeeding generations of researchers will 
be threatened; and 

3. the perceived lack of opportunities for an 
academic career may discourage able and 
creative young people from pursuing careers 
in basic scientific research. 

The Carnegie Council on Policy Studies in 
Higher Education discussed the "implication of the 
demographic depression for faculty" in its 1980 
report on the future of higher education:" 

The tenured professoriate in 4-year colleges will 
keep on aging with the ages of the modal group 
rising from 36 to 45 in 1980 to 56 to 65 in 2000. 
This will increase the age gap between students 
and faculty, raise the average cost of faculty saN 
aries, and make it hard to int-oduce new fields, 
new courses, new subject matter. Tenure ratios, 
wl.lch were 50 percent as recently as 1969, have 
now risen to 75 percent; and colleges encounter 
new rigidities in redeploying their resources. 

Some faculty members are potentially much 
more affected than are others: In the East and 
North more than in the South and West; in com- 
prehensive colleges more than in community col- 

-V 1 W.;,.^. . : 

tive 4-year liberal arts colleges; in doctorate 
granting universities more than in research univer- 
sities. 

The response to these cries c f alarm from dis- 
tinguished educators and ana^sts is summarized 
in a review of the current state of the academic 
labor market in late 1984 by Michael McPherson. 
He finds that, to a remarkable degree, "the pol- 
icy issues identified in the late 1970s and ear^j 
19**0s" relative to the declining academic market 
for Ph.D.s "remain central and largely unresolved 
today."" 



'Three Thousand futures Ihe Next Twenty Years for Higher 
tJucatnyn iSan Franc Kt.>, CA jos^ty Bdss, 1980), pp B0-S2 

'^Michael S McF^herson, The State of Academic Labor Markets/' 
November l^'^4 draJt, p 5. to be published i i B L R Smit (ed ), 
The 5M/e of CraduMe Education (Washmgton. DC The Brookmgs 
Institution, loas) 
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THE FURTHER FUTURE 



All of the studies of the late 1970s ended their 
projections at the year 2000. Unfortunately that 
is just the beginning of a pronounced ''rebound" 
period, when enrollments are expected to increase 
and large numbers of faculty hired in the 1960s 
and early 1970s are expected to retire. McPher- 
son expresses the conventional wisdom when he 
states that "to the degree that student and faculty 
demographics are determining factors, data avail- 
able now suggest that recovery will come quite 
late in this centui / and will not be strong. How- 
ever, projections for the first decade of the 21st 
century make the transition to growth appear con- 
siderably less smooth than McPherson argues. To 
examine the "rebound" in greater depth, OTA per- 
formed its own analysis of the period 2000-10, 



•Ibid., p. 29. 



using the model developed by Herring and San- 
derson for the 1981 Report of the President of 
Princeton University cited above. OTA first ex- 
tended the Princeton model to the year 2015, using 
the same values for the input parameters as Her- 
ring and Sanderson, and population trends for 
2000 to 2015 from the Census Bureau Projections 
of the Population, middle series, cited in chapter 
2. The results, displayed as the white bars on 
figure 3-9, show a tripling in demand for new 
faculty, from 6,500 per year between 1980 and 
1995 to 20,000 per year between 1995 and 2010. 

OTA then revised the Princeton model to in- 
corporate a different set of assumptions about 
resignations and retirements, which OTA believes 
track recent data on these two phenomena more 
closely than those of Herring and Sanderson. The 



Figure 3-9.— Annual Number of New Hires Based on Projvctlons 
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results are displayed as the striped bars or. figure 
3-9. As can be seen, the OTA assumptions lead 
to a level of new faculty hiring in the 1980-95 tine 
frame that is nearly double that of Herring and 
Sanderson— 12,000 per year. In the first uecade 
of the 21st century, if the assumptions in the OTA 
simulation hold, the number of new academlr 
hires per year could reach 25,000 per year, or dou- 
ble that of the early 1990s. 

Hansen and Holden project that new faculty 
hires could increas : by a factor of 4 between 1987 
levels and 2002. In their worst case scenario in 
which most faculty choose to retire at age ? the 
increase between 1987 and 2002 would be a fac- 
tor of 10." 

The implications of this dramatic reversal of 
fortunes for universities and new science and engi- 
neering Ph.D.s have not been examined to date. 
Although it appears that the academic demand 
for new faculty will remain below the annual sup- 
ply of new Ph.D.s, even in the boom years 2000 
to 2010, that situation could, in fact, change ura- 
matically if graduate school enrollments drop 
sharply in the 1990s due to the weak market for 
new faculty in that time period. In other words, 
if graduate students respond to '.he market sig- 
u* Uiw iwva fc/y 14CC1 casing ineir eriioii- 
ments in d' ctoral programs, there could be too 
few of the- . to meet the surging demand that \ ill 
occur at the turn of the century. To avoid th*. 
potential market failure, it would be prudent to 
monitor new academic hires and, if the trends dis- 
cussed above materialize, possibly institute coun- 
tercyclical support programs in the early 1990s. 

Even if the supply of new Ph.D.s increases to 
meet demand in the early 21st century, a coun- 
tercyclical policy for the early IQ^ '^s may be worth 
considering for a second reason. The large num- 
ber of new faculty hired in the 1995-2010 time 
period will produce an age distribution among 
faculty in the second decade of the 21st ce itury 
that is heavily skewed toward the young, as was 
the age distribution in the late 1970s. (See figure 
3-1, above.) litis could lead to a repeat of the low 
retirement, low replacement situation of the 1980- 
95 time period. To avoid a repetition of the "boom 
and bust" cycle of the 1960s and late 1970s it may 



'^Hansen an J Holden. op. at., p. 60. 



be worthwhile to attempt to formulate a coun- 
tercyclical policy to stimulate demand in the early 
1990s. 

The science and engineering fields appear to ^ 1- 
low the g '^erai academic market fairly closely. 
OTA applied a revised version of the Princeton 
model to the most recent data from NSF on the 
age distribution of doctoral scientists and engi- 
neers employed at 4-year colleges and universi- 
ties.^^ Using 1983 as a base year, OTA w ns ab^- 
to project the number of new junior ^acuity 
appointments that would be made at 5-ycar in- 
tervals from 1983 to 2013, under different assump- 
tions about retirements, resignations, and enrol- 
ments in science and engineering courses. Figure 
3-10 shows the variation in the demand for new 
science and engineering faculty over the 30-year 
period under two extreir.c assumptions: one of 
high demand for science and engineering faculty, 
high rates of retirement among senior faculty, and 
high rates of r-ignation among junior taculty; 
and one of low demand, low retirements, and low 
resignations. These appear to re -resent reason- 
able est* ^ of the extreme levels of possible aca- 
demic ng of new science and engineering 
Ph.D.. /er the next three decades. 

To refine its analysis, OTA applied its model 
to historical data on Ph.D. scientists and engineers 
in educational institutions for the years 1973 to 
1983 published by NSF.^« OTA found that a high 
demand, low retirement, low resignation scenario 
best fi^ *^istoric data. Two versions of such a sce- 
nario are displayed in figure 5-11 which represents 
an educated guess based on historical experience 
as to the likely range of academic hiring of science 
and engineering Ph.D.s over the next 30 years. 
The number of science and engineering doctorates 
appointed by colleges and universities in the 1977- 
82 time frame, as calculated by OTA from NSF 
data, is also Hisplaye*- in figure 3-11 as an av - 
age number of new hires per year over the 5-year 
period. As can be seen, the number of new scien- 
tists and engineers appointed by colleges and 
universities declines signifiranily in the 1983-98 
time frame. It then increases to more than 9,000 
per year in the 1998-2013 time franie. Similar pro- 

"CTwrartemf/cs of Doctor^ Saenttsts and Engineers m the United 
States. 1983. K'^F 85-303 (Washinglon, DC, National Science Foun- 
dahon. 1985). lable B-5, pp 19-23 

"Ibid., table 3, pp. x and xi 
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jections for individual fields follow similar pat- cal sciences, the life sciences, and the social 
terns, as can be seen from figures 3-12, 3-13, and sciences under the two scenarios most consistent 
3-14 which show the hiring trends for the physi- with past experience. 



Figure 3-10.— Annual Hiring, Science and Engineering Faculty, Extreme Casas 
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INDUSTRIAL EMPLOYMENT OF SCIENCE AND ENGINEERING PH.D.s 



The trends discussed above in the academic em- 
ployment of science and engineering Ph.D.s must 
be placed in the context of the availability of alter- 
native careers for those professionals. As tables 
3-1 and 3-2 show, educational institutions employ 
only 52 percent of all Ph.D. scientists and engi- 
neers, and less than 48 percent of those who re- 
ceived their doctorate after 1977. TIte variation 
from field to field is substantial, with mathe- 
matics, social science, and biology havin'* two- 



thirds or more of their Ph.D.s employed in acade- 
mia, while chemistry and engineering are at one- 
third or less academic employment. By compari- 
son, in the humanities 83 percent of all Ph.D.r# 
are employed at educational institutions.^* Of 
course, the principal alternative market for science 
and engineering Ph.D.s is industry, which has in- 

^*Nat;oral Research Council, Saenre, Engmeenng and Hum^' 
ties Doctorates in theUS . 1983 Profile (Washington. DC NaHoiial 
Academy Press, 1983), pp 36, 37, and 74 
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Figure 3*11.— Annual Hiring, Science end Engineerhg Faculty, IMiddle Cases 
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Figure 3-12.— Projected Annual Hiring: Physical Scientists 
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FIgurt 3-13.— ProJ«ct«d Annual Hiring: Lif« Scientists 
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Figure 3-14.- -Projactsd Annual Hiring: Social Sclantists 
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Trtrtta-I.^Typtof Employer of Doctoral Seitntittt and EnginMrt (1940*82 Graduatts) by Field of Ph.D.. 1983 (in percent) 



Type of emptoyef 
Employed | 



Field of doctorate 



All fields Mathematics 



Computer Physics/ Earth/ 
science astronomy Chemistry environment Engineering 



Agriculture Medicine Biology Psychology 



Social 
science 



population' 350.900 18.500 

Educational institutions 52.2 73.0 

Business/industry^ . 31.7 19 2 

U.S. Government. . . 7.6 5 1 

State/local gc mment . 2 0 0 2 

Hospital/clinic 2 8 0 3 
Other nonprofit 

organization 3.1 18 

Other - - . 03 - 

Worepoft . 0-2 0 4 



2.500 

46 5 

47 / 
42 
01 



1.4 

0 1 



28.100 
47 5 
36.3 
10.8 
03 
09 

4 1 

0 2 



44.900 

32 6 
57.3 
58 
0 7 
09 

2 2 

03 



1- aiMf pwin 

"tac*iidn Mtr-tnr.pioyfd 
SOURCE Naionil Hntarcfi Cowiol 1983 Prom. 



12.000 
45.4 
30.0 
179 

3.3 

0 1 

29 
0 1 
0-4 



55.000 


16.900 


12.900 


57.600 


47.500 


349 


57 8 


56.5 


64 1 


47 1 


542 


22 4 


24 2 


18 0 


27 5 


7 1 


14 0 


73 


87 


37 


06 


2 5 


28 


2 1 


47 


02 


0 2 


58 


32 


12 7 


26 


2 2 


3 1 


36 


4 1 


0 1 


0 5 


0 1 


02 




02 


04 


0 4 


0 2 


0. 



55.000 
71 8 
12 8 
72 
30 
04 

33 
1 3 
02 



r> 36 37 



Table3.Z -Type of Employer of Doctoral Scientiets and Engineers (1977^2 Graduates) by Field of Ph.D., 1983 (in percent) 



Type of employer 



Field of doc 



All fields Mathematics 



Employed population' 80.800 3.600 

Educational institutions 47 8 70 7 

BuLiness/industf/' 34-1 21-6 

U.S. Government 6 6 5 8 

State/local government 3 1 o 1 

Hosprtal/clinic 4 3 0 8 
Other nonprofit 

organization 3 7 m 

Other 0 1 - 

No report 0 2 - 



Computer Physics/ Earth/ 
science astronomy Chemistry environment Engineenng 



' ■— J H* «no pKi wm •mpioyto omy 
"Indiidn stN-tmpiiytd 

SOUflCC Nii«nal nmarch Comal i9B3Prohl9 pp 36 37 



1.200 
51 8 
44 3 
30 



09 



4.300 
35 / 
44 0 
13 2 

09 

57 

06 



7.000 
lb 4 
73 6 
38 
09 

1 1 

2 2 



3.000 
42 8 
35-3 
14 8 
3 5 



3-0 
0 4 
0 2 



Agriculture Medicine Biology Psychology 



11.500 


3.800 


3.800 


11.100 


15.900 


32-1 


55 7 


55 3 


59 2 


42 3 


57 2 


29 1 


23 2 


22 8 


27 2 


58 


86 


78 


77 


32 


1 0 


23 


2 2 


2 7 


61 


05 




73 


30 


16 4 


34 


25 


3 7 


45 


44 




09 










09 


04 


0? 


04 



Social 
science 



15.600 
64 8 
171 
78 
49 
06 

43 
04 

il 0 



er|c 
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creased its share of the employed doctorates in 
those fields by 10 percent in recent years. In 
physics, chemistry, and biology the industrial 
share of employed doctoral scientists is 20 per- 
cent higher among recent Ph.D.s than it is in the 
overall population of doctoral degree holders 

The increasing share of science and engineei - 
ing Ph.D.s employed in industry is an important 
phenomenon that deserves closer scrutiny. In 
1973, there were 53,400 Ph.D. scientists and engi- 
neers employed in industry, as compared to 129,300 
in academia, according to tne National Science 
Foundation. By 1983 the number ol industrial 
scientists and engineers had more than doubled, 
to 113,500, while the number in academia ^ad in- 
creased by only 50 percent, to 196,100. Tne rate 
of growth in industry was about 8 percent per year 
over the decade while that of academia was more 
like 4 percent per year. 

Among the different science and engineering 
fields, computer scientists, psychologists, and so- 
cial scientists showed the most dramatic growth 
in industry between 1973 and 1983, increasing by 
3C0 to 500 percent (see cable 3-3)." Of course, all 
three fields started from very low levels in 1973— 
3,000 or less. Engineering and physical science 
continued to employ the largest numbers of doc- 
toral scientists and engineers— 34,500 and 29,000 
respectively in 1983— but their grov th rates over 
the decade were lowest at 100 and 46 percent re- 
spectively. The number of industrial Ph.D. scien- 
tists and engineers whose primary work activity 
was research and development doubled over the 
decade, but the numbers in consulting, sales and 
professional services, and "other" all quadrupled 
or quintupled. Fifty percent of the growth over 
the decade was in these three non-R&D related 
activities. 

Even more dramatic, however, was the change 
in the relative demand for new Ph.D. scientists 
and engineers between industry and academia. Be- 
tween 1973 and 1975 the number of academic 
Ph.D. scientists and engineers increased by 19,700, 
while the number of industrial Ph.D. scientists and 



"Srience am/ Engineering Personnel: A National Overview, NSF 
65-302 (Washington, DC: National Sd«nc« Foundation, 1985), ta- 
h\e B-12a, p. 113. 

^^Characteristics of Doctoral Scientists and Engineers in the United 
States: 1983, op. dt., table 4, p. xii-xiii. 



engineers increased by only 11,200. Between 1981 
and 1983, by contrast, the com^ponding increases 
were 9,000 for academia and 14,300 for indus- 
try." Thus the demand for additional science and 
engineering Ph.D.s in industry increased from 55 
percent of the academic demand in the early 
1970s, to 160 percent of the academic demand by 
the early 1980s. 

To get a complete picture of the academic and 
industrial markets ^or science and engineering 
Ph.D.s we would need to add the rep/acemen^ 
mand to the growth demands calculated abo^e. 
The replacement demand in academia can be eas- 
ily calculated with the OTA model described 
above, and it comes to 8,000 additional science 
and engineering Ph.D.s needed in 1981 to 1983. 
There is no data on the replacement rate for in- 
dustrial Ph.D. scientists and engineers, but if we 
assume it to be equal to that of academia, or about 
2 percent per year, that would generate demand 
for an additional 4,000 of those profef sionals be- 
tween 1981 and 1983. The total industrial demand 
for new Ph.D. scientists and engineers would 
about 18,000 between 1981 and 1983, while the 
academic demand was 17,000. 

There is evidence, however, that the industrial 
demand for new doctoral scientists and engineers 
is not wholly supplied by recent Ph.D.s. Based 
o."^ a comparison of NSP'^ and NRC* data for the 
1977-83 time period, it appears that only two- 
thirds of the additional industrial science and engi- 
neering Ph.D.s reported between 1977 and 1983 
came from the pool of recent graduates. The rest 
were undoubtedly experienced Ph.D.s coming 
from academia and the government, and im- 
migrants. 

It is difficult to pred'^^ the future industrial mar- 
ket for science and engineering Ph.D.s with any 
degree of certainty in the absence of an under- 
standing of the causes of the dramatic growth of 
the past decade. It is clear, however, that if the 
recent growth rate were to continue for another 
decade it would generate substantial employment 



"Ibid., tables 3 and 4, pp, x-xiii 

"Science and Engineering PersonM}el: A National Overview, op. 
cit., table B-12a, p. 113. 

"National Research Council, Science, Engineering, and Human- 
ities Doctorates in the United States: 1983 Profile, op. cit., table 
2-8, p. 37. 
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Table 3*3.— Selected Characteristics of Doctoral Scientists in Business and Industry 



Characteristics 



Number 



1973 

Percent 
of total 
Percent employed 



1983 



Total 

F/e/d; 

Scientists 

Physical scientists . . . 

Chemists 

Physicists/astronomers 
Mathematical scientists 

Mathematicians ... 

Statisticians 

Computer/information 

specialists 

Environmental scientists . . , 

Earth scientists 

Oceanographers 

Atmosphenc scientists 
Life scientists 

Biological scientists . . . 

Agricultural scientists . 

Medical scientists . . . . 

Psychologists 

Social scientists . . 

Economists 

Sociologists/ 
anthropologists . . 

Other social scientists 

Engineers 

Aeronautical/astronauticat 

engineers 

Chemical engineers . . . 
Cull engineers 
Electrical/electronic 

engineers 

Mechanical engineers 
Nuclear engineers 
Other engineers 

S0x: 

Men ... 
Women 

Aacr 

White 

Black 

Asian/Pacific Islander 
Amencan Indian/Alaskan 

native . 
Other. . . 
No report . 

Ethnicity: 
Hispanic 
Nonhispanic 
No report 

Ag0: 

Under 30 
30-34 
36-39 . 
40-44 
45-49 . . 
50-54 . 
55-59 . , . 



Median 
annual 
salary 



53,403 100.0 



35,631 
19,665 
15,759 
3.906 
864 
657 
207 

1,007 
2.204 
2,085 
94 
25 
7,147 
3,309 
1,718 
2,120 
3,081 
1,663 
1,031 



65 7 
36 8 
29 5 
73 
1,6 
1.2 
04 

1 9 
4.1 
39 

02 

(b) 

13 4 
6.2 
32 
40 
58 
3 1 
1 9 



24,2 

193 
40.5 
51 2 
22 0 
7 1 
62 
14 1 

37 1 
21 4 
24 4 

8.3 

39 
126 

90 
18.7 
19.9 
124 

5.7 
10 7 



23,300 

23,300 
22,700 
22,500 
23.600 
24,100 
23,900 
25,100 

22,300 
22,600 

22,500 

(a) 

(a) 

23,300 
22,800 
21,600 
26,300 
30.000 
27,200 
29.200 



Percent 
of total 

Number Percent employed 
113,463 1000 



76,963 
28,748 
22,525 
6,223 
2,027 
1,512 
515 

6,819 
5,154 
4,596 
217 
341 

16,444 
7,730 
3,583 
5,131 

13,020 
6,751 
2.779 



69 6 
25 3 
199 
55 
1 8 
1 3 
05 

60 
45 
4 1 
02 
0.3 

145 
68 
32 
45 

11 5 
59 
24 



30 7 

25 7 
44 9 
54 5 
27 4 
124 
11 1 
18 5 

56 1 
31.3 
36 7 
125 

15 5 
17 7 
14 0 
24 6 
22 2 
27 9 
11 4 

16 4 



Median 
annual 
salary 

47,000 

45,500 
45,900 
45,600 
48,300 
42,700 
43.600 
40,000 

42,700 
48,500 

49,200 

<a) 

48,600 
43,700 

4i,roo 

40,100 
50,700 
48,000 
45,400 
52 100 



125 


0 2 


1 9 




801 


07 


66 


36,300 


507 


09 


3.8 


25.200 


3,171 


28 


10 5 


35 600 


17,772 


33 3 


49 7 


23,200 


34,500 


30 4 


56 1 


49,900 


639 


1 2 


38.3 


25,300 


1.928 


1 7 


52 3 


47.700 


3,246 


6 1 


72 8 


22.700 


4,788 


42 


68 5 


52.400 


883 


1 7 


28 5 


21.500 


1,895 


1 7 


35 6 


47,600 


3,424 


64 


43 5 


23.600 


7,615 


67 


60 0 


51,200 


' 366 


26 


41 9 


22,300 


2,596 


23 


45 9 


48,100 


>66 


1 2 


52 7 


23.100 


1,380 


1 2 


59 3 


46.200 


7,548 


14 1 


50 4 


23,600 


14,298 


126 


57 5 


48,700 


52,040 


97 4 


25 6 


23.300 


103,2/2 


91 0 


32 2 


47,900 


1,363 


26 


8 1 


20 200 


10.191 


90 


20 9 


38,900 


48,926 


91 6 


24 2 


23,600 


97.673 


86 1 


29 7 


48,000 


298 


06 


146 


23,000 


675 




i36 


43,900 


3.099 


58 


30 0 


20,800 


13.431 


11 8 


45 2 


44.800 


5 


(b) 


'5 


Id) 


69 


0 1 


16 5 




3: 


0 1 


158 




76 


0 1 


37 6 


13) 


1.044 


20 


193 


23 000 


1,539 


1 4 


27 7 


39,800 


264 


05 


168 


21 200 


1,4^^/ 


1 3 


27 9 


47,230 


16.859 


31 6 


20 2 


24 200 


97.974 


86 3 


30 9 


47.200 


36,280 


67 9 


26 8 


22- 0 


13.99? 


123 


29 6 


45 200 


1,999 


37 


20 6 


17 800 


2,037 


18 


31 5 


36.400 


12.267 


23 C 


24 7 


20.100 


16,432 


14 5 


34 1 


38,700 


10.435 


195 


24 8 


22 500 


25.491 


22 5 


33 6 


44,}00 


8.520 


16 0 


24 1 


24.900 


26,059 


23 0 


32 b 


50.1i>0 


7 098 


13 3 


23 7 


26 800 


15,900 


140 


30 7 


50 900 


6,288 


11 8 


26 1 


27 800 


10,650 


94 


26 8 


53 100 


3,874 


/ 3 


24 9 


27 600 


7.451 


C6 


?3 4 


55 800 
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Table 3-3.— Selected Characteristics of Doctoral Scientists in Business and Industry— Continued 

1973 1983 ~~ 

Percent Median Percent Median 

of total annual of total annual 

Characteristics Number Percent employed salary Number Percent employed salary 

60-64 1,957 3.7 21.7 27,900 6,153 5.4 27.3 53,800 

65 and over 932 1 7 19.1 25,800 3,218 2.8 26.5 60,300 

No report 33 0 1 33.0 66 01 26.1 w 

Typt of 0mpiQym0nt: 

Science/engineering 49,398 92.5 23.9 23,100 98,407 86.7 30.1 46,700 

Other/unknown field 4,005 7.5 28.5 25,700 15,056 13.3 35.9 50,400 

PrtmMry work actlflty: 

Research and development... 23,758 44.5 33.2 21,300 46,525 41.0 37.3 43.600 

Basic research 3,525 6.6 10.3 21,600 6,731 5.9 11.8 42,100 

Applied research 13,212 24.7 460 i^1.300 23,463 20.7 49.5 44,100 

Development/design 7,021 13.1 82.6 21,100 16,331 80.5 43,600 

Management/ 

administration 19,840 37.2 43.0 27,000 25.528 22.5 41.3 55,900 

Of R&D 14,242 26.7 54.3 26,300 20,066 17.7 63.9 55,600 

Of other 5,598 105 28.1 29,400 5,462 4.8 18.0 60,010 

Teaching 191 0.4 0.2 1,301 1.1 1.2 41,;00 

Consulting 2,781 5.2 68.6 25,100 10,673 9.4 83.7 48,300 

Sates/professional services... 3,001 5.6 37.2 25,400 15,581 13.7 52.3 48,400 

Other 2,988 5.6 43.0 21,700 12,303 10.8 50.9 44,500 

No report 844 16 22.9 23,200 1,552 1.4 20.0 50.000 

median computed for groups with fewer tfian 20 individuals 
^Less than 005 percent 

NOTE Percents may not add to 100 because of rounding 

SOURCE Chsracteiistics of Doctoral Scientists and Engineers in the United Stat^^ 19S3 (Washington. DC National Science Foundation, 1965), pp xii and xiii 



opportunities for doctoral scientists and engineers. 
Assuming that the 7.8-percent growth rate experi- 
enced in the 1970s continues through the 1980s, 
and that new science and engineering Fh.D.s con- 
tinue to account for two-thirds of that growth, 
as they did in 1977 to 1983, there would be about 
7,000 new doctoral scientists and engineers hired 
by industry each year between 1983 and 1988, and 
10,000 hired each year between 1988 and 1993. 
Both of those figures exceed the projected aca- 
demic demand for those years by a considerable 
amount. When added to the projected academic 
demand for the two time periods, they lead to the 
combined demand for new science ?nd engineer- 
ing Ph.D.s in the two sectors between 1983 and 
1993 shown in figure 3-15. As can be seen, the 
totals for 1983 to 1993 are quite close to that of 
the 1981-83 time period. Thus, the decline in aca- 
demic hiring over the next decade could be com- 
pletely compensated for by the increase in indus- 
trial demand. 

Beyond the next decade, predictions of indus- 
trial demand for Ph.D. scientists and engineers 
become even more speculative. Th*? continuation 



of *he 7.8-percent growth rate for more than 
another decade seems unlikely for two reasons. 
First, the nu' it rs of new Ph.D. scientists and 
engineers required for S percent per year growth 
for another decade become so large they are im- 
possible to believe (the industrial sector alone 
would require twice as many new Ph.D.s per year 
as all sectors required in 1983). Second, the surge 
in growth in industrial science and engineering 
Ph.D.s is a relatively recent phenomenon. Statis- 
tics published by NRC^* show that the percent of 
new Ph.D.s plaiming employment in business and 
industry declined steadily for all the science fields 
through the 1960s, and only began to increase in 
1973. "Until recently the trend has been down- 
ward for employment of new science Ph.D.s in 
business and industry" NRC wrote in 1978. "b 
a change coming?" it wondered. If the trend 
reversed itself in 1973 it seems entirely possible 
it could change again in another decade. 



"National Research Council, A Century of D<K*orstts (Wash- 
ington, DC: National Academy of Sciences, 197$), o. SI. 
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Figure 3-15.— Ne^ Ph.D. ig: Science and Engineering 
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The simplest assumption fc. the 1993-2003 time 
frame is that the rate of industrial hiring of new 
science and engineering Ph.D.s remains constant 
at its 1993 level. Usin« that assumption, the com- 
bined academic and industrial demand increases 
substantially above the 1983 level between 1993 
and 1998 and grows to e >d the current annual 
supply of new science and engineeruig Ph.D.s be- 
bvccn 1998 and 2003. 

TheAmeric i Institute of Physics (AIP) has re- 
cently completed an in-depth analysis of the long- 



term market for physic^ . 'h.D.s that tends to sup- 
port the analysis presented above. The AIP 
projeas that the total industrial, government, and 
academic demand for new physics Ph.D.s could 
exceed the projected supply by the year 2000 un- 
der the most likely scenarios." (See figure 3-16.) 



"U.S. Congress, House, 'Testimony by Daniel Kleppner, Profe»- 
sor of Phyrics, Massachusetts Institute of Technology/' Commit- 
tee on Science and Technology, Task F^re on Sderce Policy (Wash- 
ington, ly . U.S. Government Piintin^ Offire, July 9, 1985* pp 
2-37. 



POSTDOCTORAL APPOINTMENTS 



Among new science and engineering Ph.D.s 
who do not obtain a fac lty position or enter in • 
dustry, the principal alternative mode of employ- 
ment is the postdoctoral appointment. TTie Na- 
tional Research Council defin^^ a postdoctoral as 
a "temporary" appointme . u.e primary purpose 
of which is to provide tor continued education 
or experience in research usually, though not nec- 
tfWarily. under the supervision of a senior men- 



tor. NRC gives a number of rationales for the 
increasing percentage of Ph.D.s taking postdoc- 
toral appointments." 

In many areas of science and engineering, espe- 
cially the interdisciplinary and trans:?isciplinary 

''National Rese^^xh Council, PottdoctonJ Appointment and Dip- 
JippointmentM (Wailiington, DC; National Academy Preu, 1981), 
p. 11. 

"Ibid., pp. 
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Flgu''9 3-16.— PoMlbl« f ^v«l;i of Supply and 
Demand for Phyaldata Wl*\.<i Eae): FIva-Yaar 
Pariod, 1981-2001 
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SOURCE. Am«rican Inttltut* of Physics, )n TMtimony by Dan)«i Ki«ppn«r to th« 
House CommtttM on Sclsncs and Tschndooy, July 9. 1 p 52*37 



ones, the nature of research has become increas- 
ingly complex, and has required young investi- 
gators tc develop highly speci.ilized skill Fre- 
quently ^\ese skills can be acquirea more effectively 
through an intensive po&cdoctoral appreniiceship 
than through a graduate research assistantship . . . . 

From the perspective of the young invcsH'^ator 
the postdoctoral ippointmett^ . . . provi' ] a 
unique opportunity to concentrate on a ticu- 
lar research problem without the burden or either 
the teaching or the administrative responsibilities 
usually given to a faculty member .... As the 



comp;;tition for research positions has intensi- 
fied .... the opportunity ^6 a postdoctoral to 
establish a strong record of research publications 
has become increasingly attractive to many young 
scientists interested in careers in academic re- 
search .... 

However, ther *5 now considerable evidence, 
and concern, th' t the postdoctoral appointment 
has become so nething of a holding paHem for 
new Ph.D.s who cannot find u« ..mediate faculty 
or industrial positions. A recent Higher Educa- 
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tion Resea**:.!) Institute survey of doctoral degree 
holders who had taken postdoctoral appointments 
found t • the number of respondents reporting 
''employment not available elsewhere" as the rea- 
son for taking a postdoc ir reased from 5.6 per- 
cent of the 1960 to 1967 graduates to 36.8 per- 
cent of the 1970 to 1973 graduate^. The number 
citing "to become more employable" as a reason 
jumped from 19.4 percent in the former period 
to 39.0 percent in the latter.^' 

The number of science and engineering Ph.D.s 
with plans or firm commitments for postdoctoral 
study immediately following receipt of the degree 
has increased dramatically over the past quarter 
century. Figure 3-17 shows the "percent of Ph.D. 
recipients from U.S. universities planning post- 
doctoral study immediately after receiving the 
doctorate" between 1958 and 1982, by field. *° It 
can be seen that in the bioscienct-s, chemistry, 
physics, and astronomy the percent reporting 
postdoctoral plans has increased from approxi- 
mately 10 percent in 1958 lo between 40 and 60 
percent in 1982. (It should be noted that data from 
1958 to 1969 are not completely c. oaraWe tO 
those from 1969 to 1983 because of a change in 
surveying procedures at NRC.) In biochemi, y 
the percentage today exceeds 70 percent, whr.e in 
most other science and engineering fields it is rela- 
tively low (10 to 20 percent). 

According to NRC, postdoctoral appointees 
represented 3 percent of the U.S. doctoral scien- 
tific and engineering labor force of ?65. C 0 in 
1983. or 11,000 individuals.*^ Tuis was an increase 
of 5 percent from the 10,500 reported by NRC 
for 1979." More than 6,600 of the 1983 postdoc- 
toral appointees, or 60 percent, were life scien- 
tists. They represented about 44 percent of the 
15,(XX) Ph.D.s awarded in the life sciences in the 
1981-83 period. (The average postdoctoral ap- 
pointment lasts 3 years.) The next largest group, 

'^William Zumeta, "Anatomy of the Boom in Postdoctoral Ap- 
pointments Duriiig the 1970s: Troubling Implications for Quality 
Scknoe?'' Science, Technology and Humjn Values, vol. 9, No 2. 
ipring 1984, pp. 23-37. 

William Zttmeta, Extending the Eduattiomtl ladder: The Chang- 
ing Quality md Value of Postdoctoral Study M^ington, Mi O.C. 
Heath h Co., 19ft5), p. 7. 

**NtHonal Research Couiicil, Science, Engineering and Humani- 
Ha Doctorate$ in the U.S.: 19$3 Profile, op. at., pp. 2S-29. 

^'Nationa] Research Council Postdoctoral Appointments, op. cit . 
p. 13. 



2,200, or 20 percent, v,^ere in the physical sciences. 
The}^ represented about 22 percent of the physi- 
cal science Ph.D.s over the 1981-83 period. The 
social scientists at 1,200 were the third largest 
group. Engineers and mathematicians were far be- 
hind at 280 and 120 postdoctorals respectively. 

Postdoctoral appointees with Ph.D.s from U.S. 
^aduate schools— the population discussed above 
-represent only half of the total postdoctoral ap- 
pointees in the United States. According to NSF*^ 
the tclal number of postdoctoral appointees in 
1983, including those w'^h foreign Ph.D.s arid first 
professional degrees from U.S. schools, was 
20,800, up 13 percent from a total of 18.500 in 
1976." Of these postdoctoral appointees, 15,000, 
or 73 percent, were suppoi *ed by the Federal Gov- 
ernment, with 10,000 or 50 percent on research 
grants. Since this chapcer is concerned primarily 
with the fate of scientists and engineers who re- 
ceive Ph.D.b from r 'versities, the 11,000 
postdoctoral appoii ^d by NRC is the 

more relevant population. 

In 1981 NRC completed a con ^rehensive study 
ot "Postdoctorals in Science and Iingineering in 
the United States," which examined in depth the 
role of the postdoctoral appointment in the tran- 
sition from graduate school to the workplace.^' 
It found that between 1973 and 1979, 29 percent 
of the science and engineering Ph.D.s who entered 
th'w labor force each yea- (4,300 i ut of 15,000) 
took postdoctoral appointments. In the biosciences, 
55 percent of the new Ph.D s who entered the la- 
bor force each year (2,000 out of 3,600) took an 
immediate p' ^stdoctoral appointment. In physics 
and chemistiy, the fields with the next highest 
proportions of postdoctoral appointments, the 
;;orresponding percentages were 46 and 40 percent. 

NRC also found that in the biosciences, the du- 
ration of the postdoctoral '^npointment had in- 
creased appreciably. Fifty-st^^en percent of the bi- 
oscientists who received their degree in 1976 and 
reported plans for postdoctoral study to NRC held 
appointments for longer than 2 years, up from 
34 percent among 1969 doctoral degree recipients 

*^A :ademic Scitnce/ Engineering. Graduate Enrollment and Sup- 
port Fall 1043, NL*^ 85-300 (Washington. DC. National Science 
Foundation, 19S5). iJyh A-33. p 52. 

•Mbid., table C-15, p. 138 

^'National Research Council, Postdoctoral /yppointments, op. cit 



ERLC 



77 



FIgura 3-17.— Percent of Ph.D. Recipients From U.S. Univereities Planning Postdoctoral Study Immediately 
After Receiving the Doctorate, Selected Disciplines, 1958-82 
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reporting planned postdoctoral study. TTiirty-five 
percent of the 1975 Ph.D. recipients reporting 
planned postdoctoral study, as opposed to 12 per- 
cent of the 1968 recipients with similar plans held 
appointments for more than 3 years.^* (See fig- 
ure 3-18.) 

To detennine the effect of the postdoctoral ap- 
pointment on future employment prospects, NRC 
compared the 1979 employment situation of a 
sample of bioscience, physics, and chemistry 
Fh.D.s who received their degree in 1972 and took 
a postdoctoral appointment inunediately there- 
after, with the situation of a comparable sample 
of Ph.L.s from the same fields and year who 
never held sudi an appoinmient. It found that the 
group that had taken postdoctoral appointments 
was far more likely to be employed at a major 
research university and involved in research than 
its nof^ostdoctoral counterpart, but far less likely 
to have received tenure. (See table. .-4, ^5, and 
3-6.) l! also found th^at nonpostdoctorals earned 
3 to 10 percent more than their postdoctoral ccun- 
terpar^s. These last two effects are partially ex- 
plainea by the delay in obtaining a position caused 



Figure 3-18.*Psrcent of Bioscientists Planning 
r ostdoctorai Study Who Had Held Appointments 
' onger Ttian 2 to 5 Years, by Year o: Doctorate 

eoi 




«*Ibid., pp. 85-100. 
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SOURCE National htsMrch Council. PottdoctortI Appotntm0ntt Sfd Diaap- 
pointrrfntt (Washington, OC' National Acadamy Pratt, I96l). p 09 



Table 3-4.— Comparison of 1979 Employment Situations of Fiscal Year 1972 Bioscience Pfi.D. Recipients 
Who Took Postdoctoral ^^pdntments Within a Year AHer Receipt of Their Doctorates With the 
Situations of Other i-lscal Yejr 1972 Graduates Who Have Never Held Appointments 



Took postdoctorate within 

year after graduation Never held postdoctorate 



Employment position In 1979 


Number 


Percent 


Number 


Percent 


Total 1P72 bioscience Ph.D.s* 


1.571 


100 


1,472 


100 


Miilor research universities^ 


446 


28 


230 


16 


Tenured fscui^y 


77 


5 


130 


9 


Nontsnt*red faculty 


281 


18 


69 


5 


Nonfaculty staff 


88 


6 


31 


2 


Other universities and colleges 


548 


35 


649 


44 


Tenured faculty 


116 


7 


410 


28 


Nontenured faculty 


369 


24 


195 


13 


Nonfaculty staff 


63 


4 


44 


3 


r^onacademic sectors 


537 


34 


580 


39 


FFROC Laboratories 


30 


2 


12 


1 


Qovemment 


171 


t^ 


243 


16 


Buslness/industr/ 


183 


12 


214 


14 


Other sectors 


153 


10 


111 


8 


Unsmployed and seeking Job 


40 


2 


13 


1 



g^«clMdaa e r i S ia m not actlva in tha labor forca in i979 
^Mue*'^ M ttnlvfrtniaa wttoaa totaf R^^O txpandHurat in 1977 rapratantad two-thirdt of tha total axpanditurat of all univartitiat and coiiagat 
NOTE: ffMOtntagt attkiMlaa nportad in thlt taMa art darlvad frCTi a tampia tuf^ay and ara tubjact to an abtoluta tamplmg arror of latt than 5 parcantaga pomtt 



SOUaCt; NHone Wi n wc h Council. PoBtOoctorai Appolntmantt antf DiBsppofntmantt (Wathington, DC National Acadamy Pratt. 1961). p 02 
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Table C'5.-CoiAparison of 1979 Employment Situations of Fiscal Yaar 1972 Physics Ph.D. Racipiants 
Who Took Postdoctoral Appointments Within a Year AHar Raceipt of Thair Doctoratas With tha 
Situations of Othar Fiscal Yaar 1972 Graduates Who Have Never Held Appointments 

Took postdoctord*e within 

year after gfaduation Never held pcstdoctorate 

Employment posifion in 1979 Number Percent Number Percent 

Totalie72 physics Pti.DV 557 100 e32 100 

Major research universities^ 115 21 46 7 

Tenured faculty 28 5 19 3 

\ jtitenurad faculty 53 10 19 3 

Nonfaculty staff 34 6 8 1 

Other universities and colleges 132 24 166 26 

Tenured faculty 49 9 113 18 

Nontenurad faculty 63 11 41 e 

Nonfaculty staff 20 4 12 2 

onacademic sectors 308 55 418 66 

FFPOC Laboratories 91 \^ 92 13 

Qovammant 71 13 i07 17 

Business/Industry 126 23 I86 29 

Othar sectors 20 4 43 7 

Unemployed and seeking Job 2 0 2 0 

yaJuat w nc< a ctM m tht mot fofc« Jn ^m. 

^Ift^uMiM 8S unlw»ytM>wftcw toM R4D txptfodtturM In 1977 rtprCMntM two-tmrdt of lh« loiai txpMHurM of ail un»v«f»«l«t «io co,.*vM 

H<7rE: PwiuiAlaot MflmilM r«pori«d (n tWt t«b«« jr» dttrtvtd ffoir « tampi* turv«y and ar« tubfact to an abtdult MmpUng trror of Ims Man 5 parcantaga polnta. 



^•*!!^r^P^*^ ®* Employmant Situations of Fiscal Yaar 1«72 Chomistry Pfi.D. Raclpianta 
Viho Took Postdoctorai Appointments Wltliin a Yaar AHar Receipt of Thair Doctorates Witti the 
Situations of Ovhar Fiacai Yaar 1972 Graduates Who Have Never H^.d Appointments 



Employment position in 1979 
Total 1972 chemistry Pti.D.s*. 
Maior research universities^ . 

Tenured faculty 

Nontenurad faculty 

Nonfaculty staff 



Other universities -ind colleges. 

Tenured facu!ty 

Nontenurad faculty 

Nonfaculty staff 

Nonacademic sectors 

FFRDC Laboratories 

Government 

Business/industry 

Other sectors 

Unemployed and seeking job 



f|ExcHidaa 0^ ^um— no« actfvi m tha labor forca n 1979 



Took postdoctorate within 
year after graduation 



Never held postdoctorate 



Number 


Percent 


Number 


Percent 


941 


100 


615 


100 


142 


15 


1C 


3 


42 


4 


18 


3 


64 


7 


0 


0 


36 


4 


0 


0 


110 


13 


ICS 


27 


25 


3 


117 


19 




8 


41 


7 


15 


2 


3 


1 


680 


72 


416 


68 


38 


4 


0 


0 


78 


8 


86 


14 


501 


53 


287 


47 


63 


7 


43 


7 


0 


0 


15 


2 



gogudad m A u>MvafaHtoa rrtHMa total RAD axpandituraa m 1977 rapfaaantad two^thirf • of tha total axpandituras of all umvartittat and coiiaoat 

sl!l^^ SJ^SS^JSSH'i^.i'^.' ^ ^ • •""^ »«>^"<« tamplmg arrrr of laas than 5 parcantaga pofnta 

Saa a for a daacrfpfion of 'ha fonnuia uaad to caicuiata approximata avrpimg trrors k- -w- hv. «• 

SOURCC Nalionai Rataarch Council. P09tdoctor0 Appointments ana DttsppointmentB (Wathmgton. Dc National Acadafr.y Prass, 1961 K p 92 
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by the time rpent at the postdoctoral level. The 
magnitude of the effect was so large in the bi- 
osdences, however, that IMRC expr^sed concern 
over "whether the postdoctoral experience has 
been advantageous Co those pursuing careers in 
research." It reported "frustrations" among young 
bioscientists caught in a "postdoaoral holding 
pattern/' as exemplified by the following quote:^' 

Frankly, many of us are concerned about our 
future prospects in these times, after many years 
of training. We are becoming increasingly dis- 
courage by die decline of tenure-track positions 
and the increaring difficulty in obtaining grant 
siqipoft . An opinion that is often expressed is that 
we pcstdocs provide a cheap labor source for 
"established'' investigators. Eq)ecially in recent 
years many of us have been completely bypassed 
by the economk trends, so that we have been 
unaUe to purchase homes, have families, etc., 
vAvSft pursuing advanced training necessary to se- 
cure a " respectable pontion." For many of u:^ it 
is becoming reasonable to ask: Is worth it?" 



In summary, NRC found that "postdoctorals 
continue to play an important role in the nation's 
research enterprise/' and are "an invaluable mech- 
anism for strengthening and confirming the re- 
search potential of the young investigator." How- 
ever, NRC found "some serious concerns . . . 
r^ . ding the present and future role of postdoc- 
torals in the research community." These were:** 

1. the lack of prestige and research independ- 
ence in postdoctoral appointments for the 
most talented young people; 

2. the mismatch between the important role 
that postdoctorals play in the Nation's re- 
seardi enterprise and the lack of opportuni- 
ties that the/ find for subsequent career op- 
portunities in research; 

3. the lack of n>i ognized status of postdoctoral 
appointments in the academic community; 
and 

4. the underutilization of women and members 
of minority groups in scientific research. 



"Ibid, 



SUPPLY OF AND DEMAND FOR ENGINEERING FACULTY 



Unlike the rest of academia where the demand 
for new faculty has been and will continue to be 
weak, engineering departments appear to be 
suff"^ g from a surplus of unfilled faculty slots. 
Th« se concerned with engineering education and 
the health of American engineering feel that the 
lade ot sufficient bculty is die most important de- 
terrent to increa»ng the quality, scope, and num- 
ber of engineering programs. For several years, 
the engineering conununity has been referring to 
die growing faculty shortage problem as the most 
immediately pressing problem facing engineering 
education. Undergraduate engineeriiig enroll- 
ments have more than doubled in the past dec- 
ade. In addition, graduate enrollments have neariy 
douUed. Meantime, full-time engineering faculty 
rose 14 percent and part-time engineering faculty 
rote 20 percent.^* These trends have raised the stu- 

^Kmthcm AMdalion of En s U we rin s SocMct. Et^nted^ and 
TrnknohfY EnrottmentB, FsO 1 W (New York: American AsMcia- 
Hon of EniiMcrinB Sodetiet FHiUkatiom, 1904) . DaU wat derived 
from the 16t}i annua] furvey oi engineering and tcchndosy enroll- 
Mnts conducted by the Engineering Manpower CommlieioR of 
AAES. 
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dent faculty ratio from 12:1 to 20:1, after adjust- 
ing foi ^acuity research commitments. (In 1973 
there were 235,000 full-time equivalent engineer- 
ing undergraduate and graduate students and 
19,400 PTE engineering faculty not involved ex- 
clusively in research. By 1983 those numbers had 
increased to 486,400 PTE students and 24,800 FTP 
f acuity. If th' number of enginei^ring majors 
stays constant oi slov^s in its increase, the alleged 
shortage will eventually abate. Engineering en*.oll- 
ment was actually down 2.8 percent in 198< from 
1983." 



^i4cadlRnjc Science/Engineering: SzienUsts Md Engineen, NSF 
64<309 (Washington. DC: National Science Foundation, 29S3K U- 
bie p. 6 for faculty. All Kguret multiplied by 0.78 to eliminate 
PTEs devoted purely to reeearch (same source, table AlA. p. 78); 
U.S. Gx^Rss. House, Testintony of David R. Reycs^uerra, P.E., 
Executive Director, Acocdication Board for Engineering and Tech- 
nology, " Comm'*tce on Science and Technology (Washington, DC: 
U.S. Government Printing Offir-, July 24, 1985), chart D for en- 
rollments. 

"U.S. Congress, House. 'Testimony of David R. Reyes-Cuerra," 
op. dt., chart D. 
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Many in the engineering community argue that 
the increase in the student to faculty ratio has sig- 
nificantly reduced tht quality of engineering edu- 
cation and may be forcing faculty to pursue 
nonacademic positions. Surveys conducted by the 
Engineering Manpower G)mmission for the Engi- 
neering College Facull/ Project reported that 
faculty shortages had resulted ii. higher teaching 
loads and some curtailment of course offerings." 
It is important to note that there is no consensus 
that the rising student to faculty ratio has had a 
major impact on the quality of engineering B.S 
recipients. Robert Armstrong of DuPont has pub- 
licly stated that industry does not see this as a 
problem, as have others." 

The extent of the shortage varies, depending on 
the manner in which it is calculated. According 
to NSF there are nearly 29,000 engineers employed 
full-time at universities and colleges and an ad- 
ditional 8,800 employed part-time.** A l</83 sur- 
vey of engineering faculty and graduate students 
by the American Society for Engineering Educa- 
tion (ASEE) reported that 8.5 percent of the au- 
thorized full-time faculty positions were unfilled 
in the fall of 1983 as compared to 7.9 percent in 
1982.'^ How2ver, Edward Lear, executive direc- 
tor of the ASEE, estimates that the shortage is ac- 
tually about 20 to 25 percent. He claims that to 
restore the ratio of faculty to students that existed 
in the iate 1960s would reqiiir;; an additional 6,000 
faculty in the engineering colleges." Lear claims 
that the true shortage is understated because ad- 
ministrators will not authorize positions, even if 
they aie needed, if there is no prospect of their 
being filled. 

On the other hand. Sue Berryman, a social 
scientist at t^e Rand Corp., analyzed NSF data 
on acad nic engineering and found a possible 
shortage of computer science faculty but not of 



"McPher«on, "The State of Academic Labor Ma* '.ets. " op cit., 
pp. 18-19 

"National Re ?arch Counal, Libor Market Conditions for Engi- 
neers: Is There a Shor ige? (Washington, DC National Academy 
Press, 1984), !, p 122. 

**Aakiemic Science/ i '^pneering: Scientists anJ Engineers, op. at , 
p. 83, and table p. 6. 

"Paul Dotgan, "ASEE Survey of Engineenng faculty and Grad- 
uate Students, Fall 1983," Engineering Education, October 1984. p. 
SO 

**National Rirsearch Council, LiborMirkJ Conditions, oo. cit 
p. 115. 



electrical engineering faculty. She bases this find- 
ing on an examination of comparative xiiaries, 
tenure rates, and rates of resignation among the 
different science and engineering fieldi.. Even if 
there is a shortage of computer science faculty, 
Berryman points out, the implications of such a 
short' '^e are uncertain. She notes thai many of 
the wademic requirements for computer science 
can be fulfilled in courses other than computer 
science." 

Another finding that raises questions about the 
seriousness of the engineering faculty shortage 
problem comes from the NRC survey of doctorate 
recipients. According to that survey, the number 
of engineering doctorate recipients reporting def- 
inite postgraduation plans for academic employ- 
ment declined between 1973 and 1979 and has 
only returned to its earlier level in 1983. If engi- 
neering doctorate recipients are as much in de- 
mand by engineering departments as the engineer- 
ing professions claim, the number reporting 
definite academic plans should have increased 
substantially. 

The NRC data also reveals that the proportion 
of engineering doctorate recipients without firm 
plans at the time of receipt of the doctorate is 
about the same as that for all other fields and has 
remained constant ovtr the past decade. In 1983, 
27.6 percent of tl ? engir -ers reported that they 
were still seeking appointments as their doctoral 
studies were completed, the same percentage as 
in 1973, while 27.1 percent of all doctorate recip- 
ients made the same report, ir the competition for 
engineering Ph.D.s between academia and indus- 
try were as strong as some claim, ti.e proportion 
of engineers without definite employment plans 
should be lower than that for all other fields and 
should be decreasing.'* 

Setting aside considerations of the magnitude 
of the shortage problem, administrators claim that 
engineerir^g departments ar*^ increasingly depend- 
ent on hold-over retirees who will soon leave the 
system entirely, on part-time ^rsonnel chosen 



*^Sue E. Berryman, "The Adiustments of 'ou^^ and Educational 
Institutions to Technologically-Generated C ^nges in Skill Require- 
ments." National Commission for Employmc.it Policy, May 19S5 

''National Research Council, Summary Report 1983: DoctorMte 
Reapients Frcm United States Universities (Washington, DC: Na- 
tional Academy Prvss, 1983), p. 19. 
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more for their availability than for their exper- 
tise, and on foreign nationals (some of whom are 
th. jught to be underqualified because of alleged 
language and cultural problems). Universities 
da^ that the reasons they cannot recruit the best 
engineers to teach are the relatively lower sala- 
ries of faculty versus those found in business and 
die lade of state-of-the^ equipment for research. 
Daniel Drucker of the University of Florida claims 
that the nmdamental problem is one of quality. 
Not enough of the top-quality engineerfng under- 
graduates are pursuing the Ph.D., and of those 
who do, not enough want to teach.** 

There are signs, however that the situation is 
inqproving. The ASEE Report in 1983 showed that 
35.8 percent of institutions reported an increase 
in their abilit*' to ttcnx: and retain faculty— up 
from 16.5 percent in 1981.** Uitfilled engineering 
faculty positions at the professor level in 1982 
were only 2.9 percent, below the estimated aca- 
demic norm. The biggest problem seemed to ex- 
ist at the assistant professor level where 24.4 per- 
cent of the budgeted positions were reported 
vacant. At higher levek there actually appears to 
be a net flow of engineers info the universities; 
i.e., more engineers leaving industry for acide- 
mia than vice-versa. Electrical engineering experi- 
enced the greatest influx of new faculty members 
from industry, with the gain exceeding the loss 
by more than 150 percent.*^ 

Increasingly, the rewards for uiuversity posi- 
tions are becoming more attractive. The Survey 
of Deans conducted by AAES/ASEE documaited 
that many universities were providing differen- 
tial salary treatment for engineering faa Ity for 
purposes of recruitment and retainment. Increases 
awarcied to engineering faculty were over and 
above normal, regularly scheduled uiuversity- 
wide salary adjustments. Engineering faculty sal- 
aries have risen 7 to 10 percent per year recently, 
whiie nonacademic engineers have received raises 
on the order of 2.8 percent per year.*^ 



''National Retearch Council, U wMuket Conditiai^ op. cit, 
p. 113. 
^'Doigan, op. cit., p. 52. 

^'American AModation of EngUiecring Societies/ American So- 
dctv (or Er^gincering Education, Ana/ Report: Engineering College 
Facult/ Shor^fe Project (Waihington, DC: American Society for 
Ensineering Education, November 19S3), p. 10. 

^National Retearch Council, Labor Msrket Conditions, p. 118. 
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The relationship of academic salaries to nonaca- 
demic salaries is illustrated in figure 3-19 show- 
ir\g academic and industrial salaries for engineer- 
ing Hi.D.s. The figure shows that only supervisory 
engineers receive higher salaries than their aca- 
demic counterparts at the full professor level, but 
that junior academics do not fare nearly as well 
as junior industrial engineers. Figure 3-19 displays 
median academic salaries for a 9-mcnth period, 
augmented by a 2-month suiruner grant, which 
is received by most faculty. These data may be 
deceiving, as they do not include compensation 
received by faculty for consulting. Robert Weather- 
all of MIT reports that electrical engineering grad- 
uates who received Ph.D.s in 1967 and joined 
faculties were receiving more financial compen- 
sation from all sources, including consulting, tlian 
thei^ counterparts in industry. Weatherall con- 
cludes that graduate students are disturbed more 
by a lack of equipment and resources than by sal- 
ary differentiab/^ 

A survey conducted by the College and Univer- 
sity Personnel Association found that engineer- 

"Ibid., pp. 11M19. 

Figure 3-19.— Comparison of AcadMiic-lnduttry 
EnglnMrtng Pti.O. Salaries (All ProfMSorial SalariM 
Adjusted to IMMoiitti Batia) 
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ing faculty earned higher salaries in public insti- 
tutions than in private institutions during the 
1983-64 3chool term.^ Yet, according to the ASEE 
survey rq>orted above, there were more unfilled 
vacancies in the public schools than in private 
schools. This firdiuig also calls into question the 
daim that the salary differential is the principal 
disincentive to a career in academia. 

Many in the engineering c lununity believe 
that the number of doctorate awards must be in- 
creased in order to reduce the imparts of short- 
ages of engineering faodty. Fortunately, the num- 
ber of doctorates awarded anriially in engineering 
has been rising steadily since 1980/ Engineering 
doctorate delves if^creased by 4.8 percent in 
1984/' when all other disciplines, except for the 
I^iysical sciences, expaknctd dedines.^ Fulkime 
enrollment of U.S. graduate students in engineer- 
ing has risen for the past 3 years.*' 

Some question the extent to w nidi undergradu- 
ate engineering education is necessarily depradent 
on doctoral level faculty to accomplish its mis- 
sion. The Panel on Engineering Graduate Educa- 
tion and Researdi of the National Rcseardi G>un- 
dl Conunittee on the Education and Utilization 
of the Engineer cmiduded in their 1985 report that 
schools diat emphasize undergraduate education 
can safely utiliK faculty widiout the doctorate. 
However, the 'faculty in research universities 

**Scientific Manpowu' Comsniiriofi, MMnpower Comments, vd. 
21. No. 3. April 19S4. p. 16. 

*The pcrcmtase of foreign nationab enrolled in doctoral engi- 
neerint p ro grami hat remained constant at approximately 41 per- 
cent during this time period. 

**Patrick Sheridan, "Engineering EnroUments, Fall 19S3/' Engi- 
neering Education, October 19S4. p. 46. 

**National Research Council. DoOonte Rec^rientt, IW, op. at., 
see table A and Hgure 2. 

*Doigan. op. dt.. o. 54. 



should, in the overwhelming majority, have doc^ 
tor's degrees."** 

In conclusion, there appeirs to some disagree- 
ment about the actual need for academic eiigi- 
neer$. Documented shortages are much lower than 
shortages determined on the basis of some ideal 
quality of education. In addition, the shortages 
are more apparent at some faculty levels, particu- 
larly entry levek, and in particular disciplines, 
such as computer science. These shortages have 
occurred more because of skyrocketing under- 
graduate enrollnv^ts in engineering than because 
of the dedine in uie ntunber of engineers seeking 
Ph.D.s and subsequent academic appointments. 
If universities and colleges continue to allow hi^ 
enrollments in engineering in response to per- 
ceived market signals, then faculty Portages wfll 
continue, particularly if academe continues to idy 
only on fidd-q)ecific, U.S. educated doctorate le^ 
dpients as their primary source for academic 
faculty. S jme academic institutions have already 
begun to cap their undergraduate engineering 
enrollments ki an attempt to relieve the faculty 
sl^rtage. 

In addition, the literature suggests that one 
means of drawing more doctorate recipients into 
academe is through improvement of research fa- 
cilities aiwl equipment. The salary differential does 
not appear to be as important a disincentive as 
some would suggest; many young Ph.D.s prefer 
to conduct their research in industry because the 
facilities and equipment there are at the leading 
edge. 



^'National Roearch Council^ Engmeenng Gndtute Education and 
Renuth (Washington. National Academy Press, 1985). p. 10}. 



U.S. EDUCATION AND UTILIZATION OF 
FOREIGN SCIENTISTS AND ENGINEERS 



Both as Students and as faculty me- for- 
eign nationab are a significant portion of the aca- 
demic population, particularly in engineering, 
computer sdenoe, and the physical sdencu. For- 
tiyt students comprised 6.2 percent of the under- 
graduate eru^llment in engineering, and 35 per- 
cent of the graduate enrollmmt. Their overali 



participation in all of higher education eivoUment 
is less than 3 percent, de^aonstrating their du- 
propor donate participation in engineering educa- 
tion.** One-fourth of all graduate students who 



^^Participation of Foreign Cidzena in U.S. Science and Ei^ineer- 
ing (Washington. DC: National Sdenoe Foundation. Imtiary 1985). 
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are foreign nationals are enrolled in engineering 
programs. 

There has been a steady increase in enrollment 
of foreign students since 1964, when total foreign 
emolhmnt in U.S. institutions of higher educa- 
tion was 1.5 percent. (See figure 3-20.) A Re- 
port of the Institute of International Education 
oonduded that foreign students enroll proportion- 
ately more often in engineering and the medical 
tdenoes, and less often in the humanities and so- 
dalsdenoes This can be attributed to the unavail- 
ability in developing countries of costiy training 
facilities necessary for engineering and medical 
science education.'^ Since 1979, the regional ori- 
gin of engineering students has changed dramat- 
ically. The proportion of South and East Asians 
neasly doubled between 1979 and 1984, while the 
proportion of students from the Middle East de- 
clined by 17 percent. Data from 1984 show that 
South and East Asians constitute nearly 60 per- 
cent of foreign graduate engineering students, and 
32 percent of foreign undergraduate engineering 
students. Middle Easterners comprise 18 percent 
of the foreign graduate engineering population 
and 38 percent of the foreign undergraduate engi- 



'^.^ p. 7. 

^Elinor G. Barber (ed.). Foreign Student Flows, UE Research Re- 
port No. 7 (New York: Institute of IntemaHonal EducaHon, 1985), 
PP.KM2 



Figt G 3-20.— Total Foreign EnrollniMt In U.8. 
iMtnutlom of Higher Education 
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neering population. Table 3-/ shows worid re^ 
gion of origin of foreign students in the sciences 
and er^ 'neering undergraduate <tnd graduate 
levels combined. 

Data for 1983 from AAES she w that at the 
Ph.D. level, 41.5 percent of total full-time engi- 

"Marianthi Zikopoulot and Elinor G. Barber (eds.), Pirofik$: 
Detaikd Analyses of the For?ign Student Population, 19$3/19$4 
(New Yoric: Inst'tute c5 ln(«;maHonaI Education. 1985). pp. 30-39. 
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neering cai <iiidate$ were foreign nationals, up 
slightly from 41 percent in 1982/ The National 
Research Council Survey of Doctoral Recipients 
(1983) shows that the percentage of engineering 
doctoral recipients listing U.S. citizenship has de- 
dined from 82 percent in 1965 to just under 48 
percent in 1983.^^ In comparison, in 1983, non* 
U.S. citizens received more than a third of the doc- 
toral degrees awarded in mathematics, 28 percent 
of physics and astronomy doctorates, 21 percent 
of the chemistry doctorates, and 12 percent of the 
doctorates in die biological and health sciences 
(down from 14 percent in 1975). 

In the doctoral population, available informa- 
tion from various sources indicate that between 
20 and 50 percent of foreign doctoral students in 
the sciences are principally supported thr-ju^ re- 
search or teaching assis^antships. In engineering, 
the proport'on is neariy 60 percent.'^ It is imcer- 
tain wheihn r this deprives qualified U.S. studmts 
of researd) trail ing and financial support. Ana- 
lysts Lewis Solmon and Ruth Bcddow fouiul that, 
"foreign students probably pay more than their 
education costs, aind they might be paying sub- 
stantially more."^' Solmon and Beddow did not 
indude U.S. research assistantship or fellowship 
support in their analysis, however. 

Proponents of U.S. education assistance to for- 
eign nationals justify it with the f oDoi^ing reasons; 
it is a means of helping persons from less fortu- 
nate nations to obtain the ben;iBts of a U.S. edu- 
cation; the political advantage of having future 
leaders of other countries educated in the United 
States, rather than elsewhere will pay off in the 
long run; it is to the cultural and sodological 
advantage of U.S. students to be exposed to per- 
sons hom other parts of the worid; and the United 
States can utilize the skiUs and training of those 
individuals who stay on in ihis country after their 



*Iii htm numbcn, in i9SZ thm tvcre 6741 forrifn naHonab 
among the 16,442 cnginecHng doctorate enroUeet; in 1983, 7,667 
of the total 16,540 doctoral candidatM were foreign nationals. 

''National Rcwaidi Comdl, SumaiMry Report IW: Doctontt 
Redpkm From United Ststet Unhmitke (Washington, DC: Na- 
tional Academy IVcm, 1963), aee table D. 

'«Betty Vctlcr, U.S. Education and Utilization of Foreign Sden- 
Ueta and Enginaen," contractor report prepared for the U.S Con- 
gresi. OiRoe of Tedinolagy Awnemtni, 1965. 

'Ijewit C. Sohnon and Rudi Beddow, Howe, Coett and Bene- 
fit? of Foielgn Students in the United States: Do We Have a Prob- 
Icmr in Elinor Barber, op. dt., pp. 121->122. 



educational trairiing has ended. Opponents are 
concerned that the training and employment of 
foreign nationals in the United States constitutes 
a "brain-drain" from the home country if they re- 
main hv and could pose a threat to our national 
security, if they return heme. Restricting access 
to "sensitive" research at U.S. universities may 
provide additional fnoblems to those research in- 
stitutions with large numbers of foreign students 
and faculty members. 

There is disagreement between various groups 
in this country as to whether indi^ iduals admitted 
to the United States as students who complete a 
graduate degree here should be allowed to remain 
after completion of the degree (and perhaps a 
short period of further training). Increasing 
proportions of those earning doctorate degrees (56 
percent in 1983) are remaining in the cotmtry af- 
ter graduation.'* Many employers, both in indus- 
try and in academic institutions, say that they can- 
not fill certain research and faculty positions with 
U.S. citizens, and availr i data verify this.'' In 
1984, major changes in iiicmigradon rules were 
proposed in legislation passed separately by both 
houses but not signed into law, both of which in- 
cluded an exception to the general rule that all 
foreign nationals in this country on a student visa 
be required to return to their native coimtries af- 
ter graduation for 2 years before attempting to 
reenter the United States on a permanent visa. The 
exceptions would have allowed some scientists 
and engineers, as well as some other specialists, 
to accept employment and remain here. Univer- 
sities and some inuustries felt suffidendy depend- 
ent on the foreign national population with U.S. 
graduate degrees that they lobbied Congress to 
include the exception allowing scientists and engi- 
neers to stay and accept employment in the United 
States.'* 

Others are concerned that the increasing num- 
ber of foreign engineers earning degrees in this 
cotmtry are taking jobs at low pay in order to re- 
main here, thus driving down salaries and redur,^ 
ing opportunities for U,S. members of the engi- 



^pArtidpMtioii of /'o/rcn Citirau, op. dt., p. v. 

^i^iak G. r^nn, 'foreign i«'4tional Sccntitts and Enfincers in 
the U . Labor Foru,, 177/,A9B2" a report to the National Science 
Foundation, Merch 1965, draft. 

'^Vetter, op. dt., p. 16. 
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neering profef>sion. There is no statistical evidence 
Sat foreign engineer* are paid less than compara- 
bly trained and exp^^rienced U.S. engineers." 

Foreign nationals are employed proportionately 
more often in educational institutions, specifically 
higher education, than U.S. citizens. This may be 
explained by the fact that scientists and engineers 
who are foreign nationals tend to have higher 
levels of educational attainment than U.S. scien- 
tists and engineers, as shown in figure 3-21. The 
proportion of foreign nationals engaged in re- 
search, development, and design is about the same 
as for U.S. scientists and engineers. The propor- 
tion of foreign nationals in management positions 
in RfcD firms, however, is less than their U.S. 
counterparts. This may be a reflection of the fact 
that foreign nationals in the U.S. science and engi- 
neering labor force tend to be younger than the 
average U.S. scientist or engineer. Management 
positions traditionally go to senior employees. 

Many foreign nationals choose to enter the aca- 
demic mark'jt after graduation. Because there is 
a shortage of faculty in engin^ring and in com- 
puter science and because an increasing propor- 
tion of U.S. doctoral graduates in these fields are 
foreign citizens, U.S. faculties include a large and 
increasing proportion of foreign nationals and for- 
eign bom but U.S. educated citizens. The current 
Portages of faculty in engineering schools would 
be far higher had they not been able to employ 
foreign engineers with U.S. Ph.D.s. A 1982 sur- 
vey tound that 18 percent of all full-time engineer- 
ing faculty members earned their B.S. degrees 
from an institution outside the United States. The 
highest percentage of fordgn bom faculty is in 
computer science/engineering — 20 , 7 percent . 
More than one-fourth (26 percent) of all assistant 
professors in engineering in 1982 earned their B.S. 
degrees outside the United States.'^ 

Several authors have made reference to the 
"growing problem" of foreign nationals on engi- 
neering faculties. They contend that the draw- 
backs of an increasingly foreign bom faculty are 



Figure 3*21.— Educational Attainment of Scientiete 
and Engineere, by immigrant Statue, 1982 
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the limitations in their communications skills and 
the implications for education. Some studies have 
found that a number of problems for women are 
greatly exacerbated when they deal with foreign 
faculty and foreign students. The classroom cli- 
mate for women who must deal with foreign male 
faculty and graduate students is particularly dif- 
ficult when such faculty and students come from 
countries ^vhere women, by statute or custom, 
have a *^ery restricted role. These difficulties are 
further emphasized by the fact that 92.5 percent 
of all foreign students in engineering are male. 

In conclusion, there is no apparent national pol- 
icy in regard to either the education or the utili- 
zation of foreign students and graduates, against 
which either current or proposed regulations for 



"Sdentific Manpower Commission, T/ie International Flow of 
Scientific and Technical Talent: Data, Policies and Issues, proceed- 
ings of a joint meeting of the Sdentific Manpower Commission and 
the Engineering Manpower Commission on May 7, 1985, in prep- 
aration for publication, 1985. 



the temporary or p »rmanent entry of foreign 
science and engineering students or foreign scien- 
tists and engineers might be tested. Foreign stu- 
dents make up a significant fraction of graduate 
enrollments in U.S. universities, where they serve 
as research assistants, and to a lesser degree, as 
teaching assistants. As these students obtain ad- 
vanced degrees, many seek to remain in the United 
States and to enter the U.S. labor force, which 
appears to be problematic only in academe, where 
communication skills are essential. There is no 
doubt that foreign bom scientists have enriched 
U.S. accomplishments and achievements in science 
and technology. As these individuals increasingly 
enter American industry and academe, following 
an education in American colleges and universi- 
ties, a new set of policy issues arise. Issues of in- 
texest to policymakers are the purposes of edu- 
cating students from other nations, whether the 
education of Ame'-'can students suffers from the 
participation of foreign nationals, and the cost, 
if any, to the taxpayers of educating foreign 
students. 
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Chapter 4 

The Industrial Market for Engineers 



As shown in chapter 2, most science bachelor's 
degree recipients either go on to graduate school 
—the Ph.D. being the trae entry-level degree for 
a research career— or obtain employment in a 
nonscience Held (sec chapter 2, table 2-2). More 
than three-quarters of all engineering B.S. recip- 
ients, by contrast, obtain immediate employment 
as engineers in industry. In addition, more than 
90 percent of all the job offers to all science and 
engineering bachelor's graduates in 1984 were in 
engineering, engineering technology, or computer 
science (sec figure 4-1).* Therefore, when consid- 
ering the utilization of science and engineering 
bachelor's degree holders, it is appropriate to fo- 
cus on the industrial market for engineers. 



^Opportunities in Science and Engineering: A Chartbook Pres- 
entation (Washington, DC: Scientific Manpower Commission, No- 
vember 1984), p. 32. 



According to the Bureau of Labor Statistics 
(BLS), the number of employed engineers in the 
United States doubled between 1960 and 1982, in- 
creasing from 800,000 to more than 1,600,000 (ace 
figure 4-2).^ During that same period, 1960-82, 
the U.S. gross national product (GNP) increased 
by 100 percent in constant dollars and the national 
research and development (R fcD) budget grew by 
103 percent in constant dollars. Thus, the growth 
in demand for engineers appears to correlate very 
well with growth in GNP and growth in total na- 
tional expenditures for R&D. 



^Engineering Education and Practice in the United StMte$ (Wash- 
ington, OC: National Research Council, 1985), p. 88. It should be 
noted that there is a serious discrepancy be' wteen BLS and NSF data 
on employed engineers, the latter showing 1,847,000 cnginem cm- 
plcyed in 1982, Science Technology Resources. NSF 85-305 (Wadi- 
ington, DC: National Science Foundation, January 1985), p. 545. 



Figure 4-1.— Percent off All Offffers and Percent off All Bachelor's Graduates 
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FIgur* 4-2.— Efflploy«d Engineering Personnel, 
1960-82 




Bngtn99r(ng education ttmS PractfC9 m th» Unittd $tat9s (Wash- 
ington, OC- Nationar Hn—rch Council. 1865). p 88 

The number of first year enrollments in engi- 
neering schoc and the number of engineering 
bachelor s degree recipients has fluctuated quite 
widely since World War 11, with peaks and 
troughs apparently produced by transitory polit- 
ical and social events and trends (see figure 4-3),^ 

*Engineering Educaticn Md Practice in tht United States, op. cit., 
p. 52. 



However, beneath the fluctuations, there appears 
to be an overall trend of an increase of slightly 
less than 3 percent per year in the number of engi- 
neering B.S.s awarded each year. The recent sui^ge 
in engineering B.S.s awarded in 1980 to 1983 ap- 
pears to be something of an aberration, that coidd 
be followed by a decline in the late 1980s, since 
all previous peaks have been followed by troughs. 

The growth in engineering B.S.s has been some- 
what uneven across fields, with electrical and me- 
chanical engineers showing the greatest increases 
over the past decade, as can be seen from figure 
4-4.^ The number of aerospace, chemical, indus- 
trial, and mining and petroleum engineering B.S.s 
have also increased dramatically, more than dou- 
bling for each field since 1976. Only civil engi- 
neering failed to show a dramatic increase in the 
1976-83 period, perhaps because it was the only 
field not to suffer a decline in the early 1970s. 



^Robert C. Dauffen^ach and Jack Fionto, 'The Engineering De- 
gree Conferral Process- Analysis Monitoring and Projections," re- 
port for the Engineering Manpower Commission, November 1984, 

p. 13. 



SHORTAGES: PRESENT AND FUTURE 



The piincipal industrial employers of engineers 
are companies that make transportation equip- 
ment (11 percent); communication equipment (6 
percent); electronic components (3 percent); and 
office, computing, and accounting machinery (5 
percent). Otiier major employers include engineer- 
ing companies (10 percent) and the government 
(12 percent). Many engineering employers have 
reported shortages of engineers, esi>ecially in the 
electrical and computer specialties (CS). The Na- 
tional Sdence Foundation (NSF) annually surveys 
about 300 major industrial employers of engi- 
neers. The table below reports the percentage of 
surveyed companies reporting a "shortage" of ei- 
ther dectrical or computer engineers.' (NSF de- 
fines a shortage as a situation where an employer 
has ''more vacancies than qualified job applicants 
in a specific field.") Note the dramatic decline in 

'"Shoftaget Increase for Engineering Personnel in Industry," 
Sdtnor Re$ource Studie$ Highlight (Washington, DC: National 
Sdcnoa Foundation, Mar. 29, 19S5). 
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1984. 



the number of firms reporting shortages bt-cween 
1981 and 1983. 

Electrical engineers Computer engineers 
57 percent 51 percent 
. . 31 percent 21 percent 
7 percent 6 percent 
19 percent 15 percent 

Other surveys report similar results. The 1983 
American Electronics Association (AEA) survey 
of 815 firms employing engineers found that 32 
percent reported a shortage of electrical and CS 
engineers.* A similar study conducted among 
Massachusetts electrical engineer (EE) employers 
in 1983' found 25 percent reporting shortages of 
"entry-level" electrical engineers, while 65 percent 
reported shortages of experienced EEs. 



^Technical Employment Projections, 198^7 (Palo Alto, CA: 
American Electronics Association, July 1983). 

Taul Harrington, et aL, "Employment Developments in the Ecc- 
trical Engineering Labor Market of MasiachusetU and the U.S., " 
Northeastern University, 1983. 
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Figure 4-3.— EnglnMrlng Frtthman Enrollmofits, 8.8., M.S^ and Ph.D. DegrMs 
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7 Increased ctudent interest in social-program careers 

8 Adverse student attitudes toward engineering, decreased space and oefende 
expenditures, and lowered college attendance 

9 Improved engtrieering job market, positive student attitudes toward engineering, and entry 
of nontradltlonat students (women, minorities, and foreign nationals) 

10 Diminishing 18-year-otd pool 

A ASEE Evaluation Report recommends greater stress on math/science and quality graduate 
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The key question for policy purposes is whether 
shortages of engineers will be a problem in the 
future. This question is especially difficult to an- 
swer when it is not clear how much of a problem 
shortages cause at the present time. Shortage 
reports do not describe the adjustments that em- 
ployea's and potential employees make to short- 
age situations. Employers have many options 
available to them, including hiring less qualified 
personnel and training them; raising wages to bid 
away engineers from other companies; and re- 
aiiangmg jobs and tasks to better utilize engineer- 



ing ^alent. It is clear that such adjustments take 
place, but there is less clarity about the conse- 
quences. Some adjustments may be relatively 
painless, while others may create as many prob- 
lems as the original shortages did. 

Employees also have options available for deal- 
ing with shortage or surplus situations. They can, 
within limits, move to related and more profit- 
able fields, or seek training in those specialties 
which are experiencing shortages. The interfield 
mobility of scientists and engineers, and relative 
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responsiveness of undc^sraduates to market sig- 
nals, are two important diaracteristics of the U.S. 
scientific and technical work force. 

In order to evaluate the possibility and effects 
of engineer shortages over the rest of the decade, 
therefore, it is not enough to simply project sup- 
ply and demand. It is also necessary to understand 



how employers and employees are likely to ad- 
just to shortage and surplus situations. The prin- 
cipal purpose of this chapter is to lay out a frame- 
work for understanding these adjustments, and 
to summarize the (admittedly skimpy) evidence 
on their effects. 



SUPPLY AND DEMAND PROJECTIONS 



Supply and demand projections for engineers 
are the raw material for evaluating the extent of 
future engineering "shortages." In February 1984, 
the Office of Scientific and Engineering Person- 
nel of the National Research Council (NRC) held 
a symposium on Labor-Market Conditions fo"^ 
Engineers: Js There a ShortageV This symposium 
brought together the major sources of engineer- 
ing supply and demand projections: BLS, NSF, 
and AEA. 

All three projections used 1982-83 as their base 
year. BLS projected engineering jobs through 
1995, using a sophisticated variant of the "man- 
power requirements" approach. First, BLS pro- 
jected the growth rate of the whole economy and 
of individual industnes. Then it calculated how 
many engineers would be needed to achieve this 
growth rate. These calculations were based on his- 
torical patterns of engineering employment, plus 
anticipated changes in these patterns in the future. 

NSF used a similar methodology to predict the 
need for scientific, engineering, and technical per- 
sonnel over the period 1982-87. Its model, how- 
ever, gives more attention to specifying the course 
of defense spending than does BLS. 

AEA took a totally different approach. They sur- 
veyed their members and asked them to project 

•La^or Market Conditions for Engineers- Is There a Shortage? 
(Washington, DC- National Reseaich Council, 1984) 



personnel needs— especially for engineers— through 
1987. The individu<d needs were then totaled. This 
methodology has been criticized, by W. Lee Han- 
sen and others, as being inherently unreliable. 
Most employers of engineers do not make firm 
projections of their manpower requirements be- 
yond the next 18 months, so the responses to the 
AEA survey for the out-years are largely educated 
guesses. Moreover, respondents to surveys of this 
type tend to be overly optimistic about the rela- 
tive market share their company is likely to 
achieve, and hence tend to overestimate their per- 
sonnel requirements. 

It must be emphasized that all three organiza- 
tions were projecting the number of iiew engineer- 
ing jobs. This is not the same as the demand for 
engineers. Employers not only have to fill new 
jobs, but they also have to fill vacancies caused 
by death' retirement, movement out of engineer- 
ing into management or other jobs, or return to 
school. An accepted rule of thumb is that about 
2 percent of the engineering work force will re- 
tire or die each year, creating new vacancies. 
Another 4 percent of engineers will transfer out 
of engineering into management or some other 
Held. These are not small numbers. In fact, the 
replacement dem4nd in any year is considerably 
larger than the demand created bv new job growth. 
Thus, the magnitude of any "shortage" depends 
crucially on how these flows of people are treated. 
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Under the BLS moderate scenario for economic 
growth, the number of engineering jobs would in- 
crease by 3 percent per year, which is identical 
to the rate of growth in GNP assumed in the BLS 
model, and also to the historic rate of growth in 
the engineering profession. This growth rate trans- 
lates into 45,000 new job openings each year. 
However, an additional 93,500 engineering jobs 
will have to be filled each year because of attri- 
tion and transfers. 

NSF comes up with quite similar projections: 
an annual growth rate for engineering jobs of 2.6 
to -4.5 percent. The low end of the range reflects 
an assumption of stagnant economic growth (real 
GNP growth rate of 2 percent) and low defense 
q>ending, while the high end reflects strong eco- 
nomic growth (real GNP growth of 4 percent and 
high defense spending). 

AEA projections for demand are much higher: 
about 59,000 new engineering jobs created each 
year within the electronics industry alone. Ac- 
cording to AEA, the electronics industry employs 
about one-third of all engineers. Consequently, 
AEA projections of demand, on an economy*wide 
basis, are three times higher rt,an BLS and NSF 
estimates. These high projections clearly result 
from AEA's use of a questionable methodology. 

Supply Projections 

There are two major components to supply- 
new engineer^ graduates and transfers from 
other occupations. All three projections agree on 
the likely supply of entry-level 'engineers. 

BLS and A'^A project that the supply of entry- 
level engineers going into industry will average 
63,000 annually, while NSF projects 65,000 to 



69,000 annually. (All three projections fall sub- 
stantially below the number of engineering under- 
graduate degrees actually awarded in 1983 and 
1984 which were 72.471 and 76,931 respectively .•) 

The key difference is how these studies handle 
the transfer component of supply. BLS allows for 
transfers out of engineering (into other types of 
jobs or schools) but not transfers into engineer- 
ing. Thus, BLS nuikes no attempt to calculate oc- 
cupational mobility into engineering (though its 
existence and importance is acknowledged). 

rhe NSF study, by contrast, makes two alter- 
native assumptions about occupational mobility. 
In the first scenario, occupational mobility into 
engineering (and each of its subfields) is assumed 
to be equal to occupational mobility out of engi- 
neering. In the second scenario, it is assumed that 
occupational mobility into engineering takes place 
at its historic rate, which is just enough to bring 
supply and demand into balance. The AEA makes 
no assumption about the magnitude of interfield 
mobility. 

Supply*Oemand Gaps 

What kinds of gaps between supply and de- 
mand for engineers do these projections imply? 
BLS comfKires the sppply of new graduates to the 
demand for new jobs, and for replacements due 
to attrition and transfers and finds that supply 
only meets 46 percent of the demand for all 
engineers. 



^Engineering Education ai J Practice in the United States, op. cit., 
p. 57; Scientific Manpower Commission, Manpower Comments, 
January-February 1985, p 34. 
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However, BLS is relatively sanguine about the 
implKations of this gap. It points out that in 1980, 
the latest year with good figures, new entrants also 
filled less than one-half of total demand. (This was 
also true over the entire decade of the 1960s, 
according to OTA calculations.) BLS argues that 
the remainder came from: 

. . . transfers from other occupations; employed 
people with previous experience or training in 
engineering or a related occupation; recent science 
and math graduates; immigrant engineers; older 
engineers returning to the profession . . . 

BLS concludes that the labor market for engineeis 
in the rest of the decade should be the same as 
it was in 1980. So, if there were sporadic short- 
ages of EEs in 1980, there should be sporadic 
shortages in the future. 

NSF arrives at rou^y the same condusion, but 
by a different route. Assuming that occupational 
mobility into and out of engineering are equal (the 
first assumption) the NSF study projects a slight 
excess <rf demand over supply for electrical engi- 
neers in 1987 (2.4 to 7.9 percent vacancies), and 
a rough balance for the remainder of engineering 
fields. The second assumption leads, by defini- 
tion, to a balance of supply and demand. Finally, 
the shortage predictions of AEA are considera- 
bly more severe, due to their use of a questiona- 
ble methodology. 

William Upthegrove presented a commentary 
at the NRC symposium based on a Business- 
Higher Education Forum study of Engineering 
Manpower and Education^^ that sheds consider- 
able light on the issue of supply and demand bal- 
ance. Figure 4-5," taken from Upthegrove's pres- 
entation, shows the flow of engineers into and out 

*'Bustnes»-HiglK.T Fducation Fanim, "Eivginefring Manpower and 
Education— Foundation for Funire Competitivmss." October 1982. 

"labor Market Conditions for En^neers: Is There a Shortigel 
op. cit.. p. 64. 



of the profession. It reveals that when immigraitts, 
bachelors of engineering technology, and B.S. de- 
gree holders from related fields such as physics 
and mathematics are taken into account, only 
one-third erf the growth plus replacement demand 
must be filled by interfield mobility and upgrad- 
ing of nonengine?rs. Upthegrove's flowchart does 
not take into accouni the 18,000 new engineer- 
ing M.S. degree holders who enter the job mar- 
ket each year and are available to contribute to 
the supply side of the picture. With these included, 
the supply-demand balance would look e\'en more 
favorable. 

Defense Needs 

Before proceeding to look at labor maricet ad- 
justments to shortages, a key question that must 
be examined is the effect of defense budget in- 
creases on the demand for engineers. How sensi- 
tive are the projections of engineering demand to 
changes in defense spending? 

AEA asked its respondents to identify the por- 
tion of their projected fucu/e requirements that 
w*ere based on the assumption of receipt of de- 
fense contracts. The purpose of this question was 
to avoid the problem of double and triple count- 
ing, where several firms project the same hiring 
requirements based on receipt of the same defense 
contracts. The response to this question can be 
used to estimate the effect of increased defense 
spending. According to the responses, 16 percent 
of their projected requirements were based on an- 
ticipated defense contracts. Hence, even a dou- 
bling of defense spending would not have a large 
effect. This conclusion is buttressed by the results 
of Harrington, et al.'s survey which reported that 
"most respondents did not see increasing defense 
outlays as a key cause of future shortages."** 



"Harrington, et al., op. cit. 
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Figure 4-5.--Supply and Demand for Engineers, 1978-90 

Total supply = 104,700 to 113.400 per year. 
Total demand (growth + death and retirement + transfers out) 
= 1CM,100- 113.400 per year. 
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NSF studied the impact of different levels of 
defense spending in more detail, and came to 
roughly the same conclusion. It looked at two 
different levels of defense spending— the "high" 
projection which assumed a 45-percent increase 
in real defense spending between 1982 and 1987, 
and a 'low" projection which assumed a real in- 



crease of 18 percent over the same period. The 
NSF study found that shifting from low to high 
defense spending projections inci eased the total 
demand for engineers by 85,000 in 1987. This is 
an increase of about 6 percent, and has the effect 
of turning a slight shortage into a slightly larger 
one. 
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Thus, increased defense spending can boost 
engineering demand somewhat, but not enor- 
mously. TTiis should not be surprising— only 18 
percent of the Nation's engineers are employed 
in defense-related industries,*^ so an increase of 
one-fourth to one-third in defense spending (the 
difference between the high and low scenarios) 
should generate a 4- to 6-percent overall increase. 

There exists a rule of thumb to calculate the ef- 
fect of defense spending on the demand for engi- 
neers. According to Landis,*^ an additional $1 bil- 

»»The 1982 Post Censai Survey of Scientists and Engineers, NSF 
84-330 (Washington, DC: National Science Foundation, 1984), p. 60. 

"Fred Landis "The Economics of Engineering Manpov*r/' Engi- 
neering Education, December 1985. 



lion (1983$) in military spending will generate a 
demand for about 1,00C additional engineers if 
the funds are spent on procurement, and about 
4,000 additional engineers if they are spent on 
R&D. On the average, electrical engineers should 
make up about one-fourth to one-half the addi- 
tional demand. 

Finally, we note that although defense spend- 
ing has a relativt '/ small effect on overall levek 
of engineering demand, it may have a very large 
effect on specialized subfields. It is impossible, 
however, to generalize about these localized de- 
mand effects. In the next section we will discuss 
what is known about supply responses to subfidd 
rhortages. 



ADJUSTMENTS TO SUPPLY DEIVIAND GAPS 



The essential nature of a labor market is that 
it adjusts; supply and demand respond to the sur- 
pluses and shortages. A projected gap between 
supply and demand usually does not indicate an 
impending shortage; rather, it signals that some 
sort of adjustment has to take place. Two types 
of adjustment are possible: The first are adjust- 
ments among potential employees, such as an in- 
crease in the numbers of entry-leve^ engineers or 
mobility of experienced workers into shortage oc- 
cupations. The second are adjustments by em- 
ployers of engineers who can: 

• increase their search and recruiting efforts; 

• rearrange jobs to utilize available skills, edu- 
cation, and experience more efficiently; 

^ make larger investments on internal training 
and retraining of engineers; and 

• cut back on production or on R&D. 

Under certain restrictive conditions no adjustment 
is possible. Most projections of shortages assume 
tacitly that demand and supply are independent, 
so that there can be no adjustment. This assump- 
tion makes sense, however, only under the fol- 
lowing very restrictive conditions: 

• demand for the final product is relatively un- 
affected by labor costs; 

• supply is not appreciably affected by wage 
changes; and 



• the shortage skills are unique, in that work- 
ers possessing them cannot be replaced by 
workers (rom other occupations or by new 
technology. 

If aiiy of these assumptions are violated, then 
a projected supply-demand gap will b^ closed by 
market adjustment. These assumptions are very 
restrictive— the latter parts of this section provide 
evidence to support the prevalence of adjustment. 

However, there are two sectors of the engineer- 
ing labor market in which it makes some sense 
to assume that supply and demand will not ad- 
just. The first is the defense sector. In defense- 
related work, the demand for the final product 
is usually not heavily influenced by the cost (and 
thus not by the associated labor costs). Moreover, 
defense-related work may demand very special- 
ized subfields that are in short supply in the short 
ran. 

Not surprisingly, the NSF surveys of shortages" 
bear out this observation. About 64 percent of 
firms with a high proportion of their employment 
in defense-related work reported shortages, com- 
pared to 33 percent overall. A^hus, at least in the 
short run, it makes sense to project supply and 
demand independently for the defense sector. 

""Shortages Increase for Engineering Personnel in Industry/' op. 
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The other sector in which a supply<lemand gap 
actually reflects a shortage are startups. Consider, 
for example, newly formed companies in the com* 
putcr industry. Since they are not yet producing 
a product, they are willing to accept losses in ^he 
short run in exchange for the possibility of large 
returns in the future. Instead of being expected 
to immediately make a profit, they are compet- 
ing to get their product to market before their 
rivals. For firms sudi as these to cut back on hir- 
ing when wages go up would be completely self- 
defeating, s nee it would redu:e the possibility of 
achieving pi ofitability at any time in the future. 
Thus, demand for engineers, in this case, would 
be independent (within limits) of the wage level. 
Similarly, if the firm is using cutting-edge tecli- 
nology, die engineers skilled in this technology 
are likely to be limited in number and not easy 
to replace. 

Supply Adjustments 

Outside of the two sectors described above, 
there are usually adjustments available to narrow 
potential gaps between supply and demand. The 
most obvious response to a "shortage/' at least 
in the medium term, is for an increased number 
of college students to receive training in that field. 

Human capital theory predicts that students 
will, on the average, choose the profession Aat 
offtrs them the highest return on their investment 
in education.** Assuming that educational costs 
at any college do not vary by majoi, the choice 
of major should depend on expected wages and 
the ease of advancement. 

It is not possible to measure ease of advance- 
ment, but one can measure Wdges. Over the past 
10 years, the starting wage premium that a newly 
graduated engineer commands over the average 
itewly graduated professional has fluctuated from 
a low of 7.5 percent in 1975, to a high of 21.1 per- 
cent in 1981." During this period the number of 
engineering baccalaureates increased from 38,000 
to 63,000. Since a large proportion of employers 
(35 percent in Massachusetts) adjust their wages 



>*Gary Becker, Hunuut Capittl (New York: National Bureau of 
Economic Research, 1964). 

>n>ouslas Braddock, The Job Market for Engineer*/' Otrupa- 
HoomI Outlook QuMTterly, fummer 1983. 
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upward in response to shortages," the recent be- 
havior of engineering undergraduates can be L. 
terpreted as a response to a shortage. 

Freeman and Hansen" have constructed regres- 
sion equations, based on data from 1949 to 1981, 
linking enrollments in undergraduate engineering 
programs to salaries in engineering jobs and in 
possible alternative occupations. They find that 
engineering enrollments are very re^nsive to sal- 
ary changes: A 1-percent increase in real engineer- 
ing salaries will, by their model, lead to a 2 to 
4-percent increase in engineering enrollments. 

Despite the responsiveness of college students 
to market signals, the supply of entry-level engi- 
neers can fail to acQust optimally to shortage prob- 
lems for a number of reasons. First, universities 
and colleges inay not have sufficient resources to 
meet student demands for a particular cuiriculum. 
This could happen because budget constraints or 
institutional rigidities prevent the university from 
paying high enough salaries to attract engineer- 
ing faculty, or from investing in state-of-theart 
equipment. AdditionaUy, the university may have 
diiFficulty evaluating where a new technology is 
going and how long the needs for a particular type 
of training will last. Thus, the ^miversity may not 
want to make an investment in expensive equip- 
ment or new personnel in the face of uncertainty 
over future demand. 

Students face much the same problem of hav- 
ing to judge the long-run value of choosing a par- 
ticuli\r subfield. Even if a new specialty* is needed 
today, students may steer away until it has be- 
come better established. Or, conversely, students 
may react too strongly to current reports of short- 
ages, as that is the only information available. 
Past student responses to announcements of 
"shortages" have resulted in surpluses e fc v years 
later. 

In all of these cases, both educational institu- 
tions and students may be acting rationally, given 
the available information. However, the overall 
result may not be socially optimal. 

'"Harrington, et al., op. cit. 

'^Richard Frecina.i and John Hanien, "Forecasting the Changing 
Market for College-Trained Worken/' Responsiveness of Tnining 
Imtitutiotts to Chsnging Ubor Mjwket Demands, Robert E. Tay- 
lor, et. al. (edt.) (Columbut. OH: National Tct-- f^. Reseaich in 
VocaHonal Education, Ohio State Univcxsity Pre«, 1983). 
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Occupational Mobility 

An increase in the number of engineering B.S.s 
in response to a wage increase is no^ a short-term 
remedy to a supply-demand gap. It takes 4 or 
more years to train a new engineer in college. In 
a fast-moving market the needs of employers will 
have undoubtedly cha- ' y the time entering 
students graduate. Thi. iug effect h especially 
powerful for occupations subject to sudden un- 
anticipated surges in demand. The semiconduc- 
tor boom of the past 10 years, for example, was 
largely unanticipated. How are jobs ir such ra^id 
growdi areas filled? 

One possibility is that people can move over 
to these "shortage" jobs from related fields. A 
large amount of independent evidence exists for 
such occupational mobility. An NSF study reports 
that 8 percent of those employed as mathemati- 
cians in 1972 had become engineers by 1978." 
Over the same period, about 5 percent of physi- 
cal scientists switched into engineering. Overall, 
approximately one-quarter of all scientists and 
engineers changed occupations between 1972 and 
1978. 

AtteiTipts have been made to create occupa- 
tional mobility models on the level of detail nec- 
essary to project supply and demand. Shaw, et 
al., creat^Ki a model in which occupational mo- 
bility was responsive to wage differences between 
occupations, as it should be if occupational mo- 
bility was to elinunate shortages." Moreover, thr 
magnitude of effects they found were significant 
relative to the size of current shortages. 

The bottom line is that occupational mobility 
exists, it is responsive to relative demand, and it 
is important in reducing shortages. It is sugges- 
tive that when respondents to the 1983 AEA sur- 
vey were asked how they adjusted to a shortage, 
almost half reported they would substitute from 
other specialties." 



''National Science Foundation, "Occupation Mobility of Scien- 
lifts of Engincen/' Special Report 80-317, 1980. 

"Kathiyn O. Shaw, et al., Interoccupational Mobility ofExperi- 
encedSdettH$t$»ndEngine*r$, CPA 82-15 (Cambridge, MA: Mas- 
MchuMttt Institute of Technology, Center fo^ Policy Alternatives, 
1982). 

"TecAnicay Employment Projects, 1983-67, op. cit. 
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The major concern about occupational mobil- 
ity, from the employer's point of view, is that it 
may lower the quality of engineering work. This 
was a major theme of the 1984 NRC symposium. 
We do nOt have the direct data to evaluate this 
problem, but we can draw some inferences from 
the patterns of shortages. 

First, as noced above, there have not been many 
reports of shortages at the entry level in recent 
years. Thus, any occupational mobility occurring 
at the entry level— e.g., college graduates who 
majored in physics but are taking engineering 
positions— has apparently nc been causing seri- 
ous problems. This can be explained by noting 
that entry-level personnel— engineers or ofhcr- 
wise— always have to be trained or supervised. 

On the other hand, quality does seem to be a 
problem in hiring experienced engineers. This is 
reflected both in the complaints of shortages of 
experienced engineers, and also in the responses 
to direct surveys. Harrington (1983) asked sur- 
vey respondents what difficulties they encoun- 
tered in filling job openings for experienced EE 
engineers. About one-third cited wage competi- 
tion as the major problem, but the remaining two- 
thirds respondents pointed to 'lack of occupa- 
tion-specific work experience, lack of industry- 
specific work experience, and inadequate level of 
training by educational institutions" as contrib- 
uting to the experienced EE shortage." 

Why should occupational mobility lead to more 
quality problems on the experienced level than on 
the entry level? The critical characteristic of an 
experienced engineer is that he or she be able to 
work with relatively littie supervision on portions 
of a project. Someone switching occupations, by 
contr?.st, will inevitably need additional training 
and experience. It is impossible to turn a physi- 
cist into an engineer with 5 i rs' experience over- 
night, although experienrj Ii. resolving problems 
and handling responsibilities in one field can be 
useful in anolher. 

The same is true when occupations are defined 
more narrowly. A major complaint by firms is 
that there is a shortage of experienced electrical 
engineers with expertise in particular subfields. 

^'Haninston, et al., op. cit. 
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The problem is that experienced electrical engi- 
neers specializing in other subfields have not been 
working for 5 years on the particular technology 
required by their new employer. Firms willing to 
hire experienced EEs without the desired skills, 
and then retrain them, are probably experienc- 
ing some short-term loss in productivity. 

Demand Adjustments 

Employers of engineers have several available 
responses to a potential gap between supply and 
demand. The most straightforward response is to 
cut back or slow down on research and design 
work to fit the available labor pool. The short- 
age disappears because demand for engineers is 
cut back. 

It is hard to know how important ihis type of 
adjustment is, but cutbacks are probably the re- 
sponse of last resort. The AEA survey reported 
that only 4 percent of respondents would consider 
''cutting back busine s or reducing projects" in the 
, jt shortages. 

In a competitive economy, a firm forced to cut 
back on projects because of a shortage of engi- 
neers could be said to be facing the fact that there 
are more profitable uses for engineers in other 
firms. To be more precise, the present value of 
the expected stream of future profits from hiring 
this engineer is aj parently higher elsewhere. 

However, the U 3. economy has large noncom- 
petitive sectors. In particular, both the defense in- 
dustry and the educational sector do not base their 
output decisions strictly on profit motives. More- 
over, not everyone in the economy shares the 
same expectations about the long-term usefulness 
of developing a new technology or product. 
Therefore, it is difficult to judge whether output 
foregone by one firm is compensated for by out- 
put increased by another firm. If shortages are se- 
vere enough, all firms may have to cut back their 
output. 

Increased Search and Recruitment 

A more common response to potential short- 
ages is to increase search and recruitment efforts. 
Search and recruitment options open to employers 
todude increased advertisements, more direct con- 



tact with colleges, use of independent recruiters, 
and attempts to hire experienced engineers away 
from other firms. The latter response may involve 
either offering higher wages or benefits. 

According to one report, the cost of recruiting 
a higii-tech professional (e.g., an engineer) can be 
as high as his or her annual sala»T.^* Thus, the 
investment of firms in search and recruitment is 
not insignificant. 

Internal Training and Retraining 
of Enginef^rs 

A common response to the tight engineering 
market is for firms to take on more of the s».'r ply 
burden themselves. In Massachusetts, almost all 
EE employers offer tuition reimbursement plans, 
and half of those surveyed had formal in-house 
training programs for engineers.^' According to 
the AEA survey, approximately 70 percent of re- 
spondents, when faced with a shortage, would try 
to "retrain or upgrade current employees." 

Over the last few years several of the matur- 
ing computer companies, such as Data General 
Corp. and Digital Eiuipment Corp., have adopted 
more systematic training approaches. Faced with 
a continuing series of shortages, they have shifted 
from their traditional "buy" strategy to a "make" 
strategy for obtaining skilled personnel.^* This has 
two major consequences. First, it helps lower the 
turnover rate, which, in 1979, was 35 percent for 
the electronics industry compared to 10 percent 
in basic manufacturing. Equally important, it in- 
creases the effective supply of experienced engi- 
neers. Since experienced engineers are in shorter 
supply than entry-level engineers, this may be cru- 
cial in alleviating shortages. 

Rearrangement of Jobs 

The third employer response to shortages is to 
rearrange jobs and tasks to better utilize the avail- 



'^Tom Barocci and Paul Coumoyer, "Make or Buy: Computer 
Professional in a Demand-Driven Environment/' Massachusetts In- 
stitute of Technology, Sloan School October 1982. 

"Harrington, et al., op. cit, 

"Paul Coumoyer, "Mobility of Information Systems Personnel," 
Massachusetts Institute of Technology, Ph.D. thesis, 1983; see also 
Michael Mandel, "Labor Shortages in Rapidly-<^rowing Industries: 
The Case of Electrical Engineers/' Harvard Univereily, January 1984. 
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able skills. It is not clear how prevalent this re- 
sponse is. About 50 percent of AEA respondents 
would react to a shortage by "increasing produc- 
tivity of currently employed engineers." 

On the other hand, Massachusetts companies 
did not see this as a p\}ssible response to short- 
ages. Harrington reports that "respondents d&dnot 
see utilization of existing engineering staff as a 
contributing cause of shortzges in the field . . . 
most firms are unwilling to alter their organiza- 
tional structures to mitigate shortage problems. '^^ 
These firms may feel that they have already m- 
creased productivity as much as they can so that 
any additional changes would be counterpro- 
ductive. 



^'Harrington, et al., op. cit. 



Firms sometimes appear to willfully avoid or- 
ganizational change which would increase prof- 
its in the face of shortages. It is important to 
understand, however, that some institutional ri- 
gidities which V ;»pear to block the best utilization 
of engineering talent may in fact be profit-maxi- 
mizing in the Ions nin. For example, the possi- 
bility of promotion into prestigious management 
jobs may serve as an incentive to get maximum 
effect out of young engineers. To keep older engi- 
neers in engineering jobs could conceivably in- 
crease the number of engineers in the short run, 
bit it might have the effect of lowering the total 
amount of employee effort. Consequently, the re- 
fusal of many firms to rearrange their job struc- 
tures in response to shortages is not surprising. 



THE CONSEQUENCES OF ADJUSTMENT 



To see how well tnese adjustments to supply- 
demand gaps are working in the business world, 
OTA commissioned an in-depth interview study 
of the market for EEs in the Boston area. Electii- 
cal and electronic engineers were chosen because 
there have been repeated reports of shortages in 
those fields, because EEs serve both the defense 
and the civilian sectors, and because employers 
of these engineers are often producers of new high- 
technology growth products such as computers 
and electronic equipment. Interviews were con- 
ducted in the Boston area by OTA contractor Dr. 
W. Curtiss Priest of Massachusetts Institute of 
Technology (MIT). 

The interviews covered 5 categories: large firms 
(5), small firms (4), engineering school deans and 
chairmen (4), university placement and employ- 
ment agencies (4), the Massachusetts High Tech- 
nology Council Director, and "headhunters" (2). 
The interviews focused on the availability of the 
electrical engineer in the Boston-Route 128 region. 

In selecting f^rms, a variety of firms were cho- 
sen, reflecting the tvpt of market (defense and ci- 
vilian) and products. Also, various firms have 
diffe/ent reputations r^^^ hiring requirements and 
corporate climates T :ypical contact at each 
firm was the vice president of engineering. The 



finris contacted were: Raytheon Corp., AVCO 
Corp., Wang Laboratories, General Electric (GE), 
Polaroid Corp., Pacer Systems, Inc., Baird Corp., 
Technical Alternatives, Inc., and Apollo Com- 
puter Corp. 

Engineering school deans and chairmen were 
contacted at MIT, Northeastern University, Tufts 
University, and the Franklin Institute. University 
placement contacts were at MIT and Northeast- 
em. Employment agencies contacted included 
Computer Placement Uiilimited, Inc., High Tech- 
nology Placement of Winter, Wyman & Co., For- 
tune Personnel, and McKieman Associates. 

Nearly all of the interviews were made in per- 
son and lasted from 1 to 2 hours in length. An 
open-ended discussion was conducted with each 
contact using seven categories of questions. These 
questions investigated how shortages of engineers 
vary over the short and long term, the availabil- 
ity of particularly needed skills, and the ability 
of engineers to grow into job requirements. Ad- 
ditionally, the discussion covered the impact of 
militaiy procurements, the benefits and environ- 
ments required to attract engineers, and the sen- 
sitivity of universities to market demands. Finally, 
interviewees were asked to compose a "wish list" 
in order to identify major concerns about the 
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availability of engineers. To explore the hiring re- 
quirements in detail, the respondent was asked 
to describe a job description and how closely a 
hire would have to match the description. 

Variability in Shortages of Engihsers 

Each firm had a uniquely different set of ex- 
periences regarding shortages of engine n These 
experiences depended on the character of the firm, 
its location, and its reputation. In general, indus- 
try responded that there were certainly shortages 
of some types of engineers at particular times but 
some firms reported no shortages because of hpir 
particular position in the market. 

Shortages of engineers vary by geographic loca- 
tion. While the focus of the study was on the 
Boston-128 region, a number of firms had rnultl - 
pie locations across th^ country. Raytheon Corp. 
has experienced some shortages in the Boston re- 
gion but extreme shortages in the Santa Barbara 
area. Likewise, Pacer Systems has experienced 
some shortages in the Boston area but more short- 
ages at their Pennsylvania location where there 
is a higher demand for engineers with substan- 
tial military service experience. A number of 
placement respondents commented on the exis- 
tence of shortages in the Silicon Valley area be- 
cause of the verj' high costs of living. 

Shortages vary by the firm's reputation arid cui- 
ture, Apollo Computer and Wang Laboratories 
stated that they do no: suffer from any shortages 
of engineers. Both firms are successful computer 
applications firms with distinctive corporate cli- 
mates and reputations. Apollo Computer has a 
unique reputation for fast growth ard the "Apollo 
culture." This places the firm in an "unreal, 
dreamworld existence" In which they can be ex- 
tremely selective about applicants. In contrast, a 
company like Baird, an instrumentation firm, 
often finds it difficult to hire engineers within sal- 
ary ranges chey can afford. They prefer to hire 
fresh graduates to help keep down salary costs. 

Shortages vary across general areas rebted to 
electrica] engineering. Electrical power generation 
and distribution is an area that depends on the 
construction market and the demand foi electri- 
city. The demand for electrical engineers in this 



area is fairly steady and the supply appears ade- 
quate. The electronics industry, in contrast has 
had ^substantial periods of growth, creating a high 
demand for the electronics-oriented electrical engi- 
neer. There have often been periods of shortages 
for particular skill requirements in the electronics 
field. Computer programmers in electrical engi- 
neering applications areas have also been in heavy 
demand. However, there is some indication that 
2-year educational programs are successful in meet- 
ing the demand for many of these requirements. 

Shortages also vary considerably by special skill 
needs. There are certain positions that require 
both excellent electronics hardware skills and 
strong computer programming skills, such as in 
the design of the next generation of computers. 
Qualified people are very scarce. Another current 
area cf shortage is in the use of autoi.4dtic test 
equipment (ATE). Knowledge of ATE has become 
quite specialized to certain machines and software 
packages. It is difficult to locate people with the 
required background. Another scarce skill area 
involves engineers with both analog and digital 
hardware experience. Many older engineers skilled 
in analog hardware find it difficult to make the 
transition to digital hardware. Younger engineers, 
more skilled in digital work, find analog hardware 
d.rficult and foreign. 

Changes in markets and opportunities are cons- 
tantly producing specific skill shortages. The re- 
cent emphasis on "automatics" such as robotics 
and other industrial control machinery has cre- 
ated a heavy demand for industrial electrical engi- 
neers. Until a few years ago, industrial engineers 
were in low status positions and many universi- 
ties, such as MIT, did not train industrial engi- 
neers. Another recent growth area, "ve:y large- 
scale integrated circuits," has created shortages 
of engineers both in industry and universities. 

Shortages vary over time as economic condi- 
tions and growth opportunities change. Respond- 
ents with 20 to 30 years of experience recall the 
ebb and flow of hiring over a number of cycles 
of high and low demand periods. Memories were 
recalled of how in the late 1960s, half of the em- 
ployment agencies went out of business, and sto- 
ries were circulating of engineers driving taxis. 
More recently, shortages in 1979 and 1980 weie 
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remembered in terms of prolonged searches and 
less than optimal hires. In prior decades, military 
employment was viewed as unstable and compa- 
nies such as Polaroid were considered stable and 
secure. In the current decade, military emplcy- 
menr is seen as a refuge and the frequent cycles 
of civilian layoffs are viewed with greater anxi- 
ety. The current softening of the market is viewed 
by many as a temporary adjustment period. 

Shortages are not perceived to vary much by 
the level of military procurements. Many respond- 
ents emphasized that the two climates of military 
and civilian work are so different that there is low 
mobility between the two "sectors." The military 
engineer is viewed as more risk averse, less crea- 
tive, and less likely to be interested in advance- 
ment. In contrast, the civilian engineer is viewed 
as more people oriented, more talented, better 
able to bring out products, and more selective. 
It is more likely that engineers will move into the 
nrilitary sp' or when civilian hiring is down than 
will military engineers move uuo the civilian sec- 
tor when hiring in the military sector is down. 
Thus, when military procurements are rapidly in- 
creasing, those hiring in the civilian sector sense 
less competition in hiring the same people than 
they mij^t if the mobility were hi^er. 

Raytheon, a company with about 75 percent 
of its engineers conducting military woik, indi- 
cated that they keep salaries at about the same 
level for both civilian and military positions re- 
gardless of changes in demand for military work. 
Pacer Systems indicated that tight government au- 
diting practices kept them from bidding up sala- 
ries for military engineers. While some of these 
statements appear to defy the economic laws of 
supply and demand, they were prevalent enough 
to warrant further investigation. 

impact of Shortages 

In general, shortages tend to lengthen search 
times and may relax, somewhat, the requirements 
required for a position. Many respondents stated 
that, for the most part, the supply of engineers 
had improved over the last 5 to 8 years. Even dur- 
ing high demand periods, the impact of shortages 
has not been dramatic. 



Changes in the level of shortages of electrical 
engineers substantially affects the search time for 
a new hire. Responses about variability in search 
time were fairly consistent. During periods of rea- 
sonable availability the search period takes 1 to 
IV2 months. During periods of greater shortage, 
this time can easily double and a search period 
of 4 to 5 months would not be unusual. In these 
periods, lesser known firms must be prepared to 
settle for less desired choices in candidates. Spe- 
cial needs require more search time; the process 
of hiring the right chief engineer when the require- 
ments are fairiy unique can take more than a year. 

Shortages have an impact on the quality of 
engineers and productivity. For example, during 
the recent 1979-80 shortage, a number ot respond- 
ents said that significant compromises were made 
in hiring. The level of experience criterion was met 
less often. Also, firms used to hiring from "first 
rate" schools might find it necessary to relax their 
requirem its to include other schools during high 
shortage nonetheless, there was a sense that no 
large ^ ures from expectations were ever 
made, '^ue compromises were significant but not 
highly burdensome. 

Shortages also have an impact on deferred op- 
portunities. For example, new hires in specific 
areas may add to the future research capabilities 
of a firm, but a shortage in that area presents an 
"opporttmity cost" to the company's R&D effort. 
Polaroid encountered shortages of Ph.D. optical 
engineers and AVCO described shortages of "hard 
science" based engineers that impeded expansion 
of their research capabilities. 

A major impact of shortages may be job- 
switching and high expectations of engineers. A 
"star" engineer (heavily sought after for his or her 
high abilities and relevant skill area) will often 
switch jobs every year or two. The change is typi- 
cally made to receive more responsibilities, work 
on more challenging problems, and for the cor- 
responding salary increase. 

The electrical engineer has fairly high expecta- 
tions about the job in terms of challenge, good 
relationships with the supervisor, pronuse of R&D 
work, freedom and independence, cutting edge 
projects, being entrepreneurial in design, and high 
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salary. With a very high degree of consistency, 
respondents described these expectations and the 
importance of meeting them to hire and retain the 
engineer. It was also emphasized that a good sal- 
ary went along with the other expectations and 
was not typically sought after as the primary goal. 

Mobility and Flexibility of Engineers 
and Related Professionals 

In general, it is difficult for an engineer to take 
a job requiring work much different than his or 
her previoT s experience. There are certain feeder" 
field'i like math and physics but it is nearly im- 
pos5 ible for, say, a chemical engineer to take a 
position as an electrical engineer, or even for an 
electrical engineer experienced in radio-frequency 
design to take a job in computer design. Profes- 
sionals in math and physics are often hired for 
"system^" work because their general training is 
useful in general problem-solving and design. 
They are more likely to be hired by firms engaged 
in basic research, such as Polaroid and AVCO. 
They are less likely to be hired by a firm like 
Apollo Computer. Thus, when the demand is 
higiier for engineers than scientists, as has been 
the case over the last 10 years, mathematicians 
and physidsts can shift to fill some of the demand. 
To illustrate the magnitude of this shift, from 1973 
to 1983 tlie number of undergraduates in engineer- 
ing at MIT (primarily electrical engineers) hr^ 
gone from 1,257 to 2,405. Over the same time 
period, the number of undergraduates in the 
school of science has declined from 1,162 to 725. 

Not all engineers are qually "flexible" or "mo- 
bile." The engineer in the top quartile of his 
profession is considered much more mobile and 
flexible than the other 75 percent in the profes- 
sion. Engineers that have reached positions of 
management or high rank typically have greatei 
flexibility and mobility than •^nrc junior engi- 
neers. Three factors seem to play a part in restrict- 
ing the flexibility and mobility of engineers- 
market limitations, management restrictions, and 
know-how limitations. These factors are not in- 
dependent, but work together to reduce mobil- 
ity and, at the extreme, to render obsolescent 
many i.igineers. 



In terms of market limitations, firms often 
change while in a period of crisis. They require 
particular engineering skills immediately and ob- 
tain these skills from the outside market because 
it i*' not pr-^ctical to retrain in-house engineers in 
the time availj*ble. \n terms of management re- 
strictions, engineers become identified by man- 
agement as h<.ving certain abilities and know- 
how; it is difticult for management to take the 
risks associated with allowing an engineer to make 
a transition to a new skill area. 

In terms of know-how, engineering is a highly 
"know-how" intensive profession. It takes con- 
siderable training and practice to be proficient in 
a particular area of electrical engineering and 
while some of these skills are transferable, many 
are not. For example^ analog circuitry know-how 
is not highly transferable to digital circuitry. Thus, 
over the last 20 years when the field was moving 
from analog to digital, many engineers became 
increasingly outmoded. 

The interviews constantly reinforced this dy- 
namic picture of the way many gineers become 
unable to face periods of transition. Many re- 
spondents spoke of the need for more engineers 
to "keep ;ip." There were stories about the key 
engineer who did keep up and how he or she 
played a significant role in the newer areas, in con- 
trast to those who did not. The placement offi- 
cer at Northeastern referred to those engineers 
who worked in the same area for 10 to 15 years 
and then had to return to drafting or some other 
occupation requiring less skills when the area 
dried up. While many professional fields are faced 
with technological change, the engineering profes- 
sion is probably more vulnerable than most. 

For the mort; mobile and flexible engineers, the 
headhunter plays a critical and djmamic role. The 
employment headhunter is a placement person 
who actively seeks out individuals to meet a 
client's employment needs. Many employment 
a:;encies receive applications from engineers and 
natch these with employment opportunities they 
have identified in industry. The headhunter goes 
one ster fi'^ther and attempts to lure a "star" engi- 
neer out of one company to another. As disrup- 
tive as this first appears, the headhunter plays an 
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important role from the standpoint of economic 
efficiency. He or she is helping to allocate a scarce 
resource to a more optimal aUocation. The head- 
hunter establbhes a network of contacts both 
within oi^ganizations looking for talent and within 
organizations where the talent is "misapplied" or 
"underutilized." 

In matching individuals, the headhunter is sen- 
sitive to the flexibility of the employer in terms 
of the technical capabilities of the individual and 
the personal match. Often it was said that em- 
ployers hire "people they like." Thus engineers 
from certain styles and cultures of firms are much 
more likely to fit a particular position than others. 
But othc^ placement professionals warned against 
overemphasizing the culttu*al variable. The bot- 
tom line is how well the person can do the job 
and as monolithic as many firms appear, there 
are many subcultures within any given orga- 
nization. 

In summary, many factors play a role in re- 
stricting mobility and flexibility. These relate to 
both technical variables and cultural variables. 
For small incremental shifts in the work force, 
these factors will not be highly significant. For ma- 
jor occurrences of technological change and large 
changes in the economy, however, these factors 
will be quite important. 

Desirable Changes 

In concluding each interview, participants were 
asked to identify the most desirable changes re- 
lating to the availability of engineers. The re- 
sponses addressed various availability, quality, 
and professional issues. 

In terms of shortages, people in employment 
agencies all wished they could have a larger, more 
capable pool of engineers to draw from. Since 
they are personally responsible for how well they 
meet their clients' expectations, this is a signifi- 
cant statement about the shortage of engineers. 
Within industry, if a firm required a particular 
specialty which was in short supply, the response 
was to have more engineers trained in that spe- 
cialty. For example, the GE generators section 
wished more schools provided "power systems 



engineers." Raytheon, involved in more radio 
work, wished schools trained more radio-fre- 
quency engineers. In many cases, the undersup 
ply was in a low glamour area. Power systems 
engineers, industrial engineers, etc., are lower sta- 
tus areas and many students prefer the high tech, 
hif h glamour areas. Whccher "glamour" is a "cor- 
rect" economic nuu-ket signal for whether students 
should pursue a particular area of electrical engi- 
neering is an interesting question. 

This leads to a very serious issue of the status 
of engineers in general. Respondents from univer- 
sities unanimously indicated that they were up- 
set about the "second class" treatment of engi- 
neers. One respondent described industry as 
treating engineers as a commodity while another 
indicated that engineers are often used for "sub- 
professional taf ks.'' The dean of one engineering 
school suggested that the supply of engineers 
should be limited, as the medical profession has 
done with doctors, so that the standards of profes- 
sional excellence and stature could be raised. The 
German model was considered a success in nudn- 
taining engineering professional standards. There 
may be a linkage between the status issue and the 
factors that lead to immobility and inflexibility 
discussed above. How can an engineer be a profes- 
sional if so much of his or her know-how can be 
be made obsolete by the advancement of technol- 
ogy? One response to this dilemma has been to 
institute "lifelong learning." 

Lifelong learning was emphasized by both re- 
spondents in industry and in the universities. A 
recent conference on "Keeping Pace With Qiangr: 
The Challenge for Engineers" was sponsored by 
the Massachxisetts Hi^ Technology Council and 
held at Northeastern University. In a study spon- 
sored by the High Tech Council, the 'Italf-life" 
of the engineering degree (length of time half of 
the knowledge acquired by graduation remains 
relevant to work tasks) was estimated to be be- 
tween 3 and 5 years for the Bachelor of Science 
in Electrical Ene^eering . The peak age for the per- 
formance of engineers, in terms of age, was found 
to be the late twenties aiid early thirties. Accord- 
ing to this study, productivity typically declines 
from age 30 until retirement. 
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To counteract this process, lifelong learning 
programs have been established within industries 
and through universities. It was noted that the 
engineer over age 35 cannot be expected to return 
to the classroom but neefls different educational 
resources to keep up. The older engineer needs 
support groups in the company of his peers. One 
program is provided by Northeastern University 
vihm live graduate courses are provided using 
video to locations along Route 128 in Boston. The 
system has two-way voioe for communication and 
courier service for homework. 

Periiaps, too, with newer information technol* 
ogies, the engineer can keep pace by greater use 
of information databases where the knowledge is 
keyed by function and application. Whil e general 
citation databases exist such as COMPENDEX on 
Dialog Information Services, these only provide 
bibliographic citations to the engineering litera- 
ture—a literature which is itself surprisingly low 
on useful material. If the private market cannot 
req>ond in providing these information services, 
it may be a role of government to help meet this 
need. 

Req>ondents also expressed the wish for engi- 
neers to have additional skills beyond basic engi- 
neering capabilities. A few respondents empha- 



sized the need for engineers to be better able to 
communicate and write. A few Lidica^ed the need 
for engineers to be better able to use computer 
simulation to test a prototype design in place of 
building the prototype because of the high costs 
involved in making custom integrated circuits. 
Two respondents emphasized the need for engi- 
neers to have stronger skills in scheduling and 
planning, and a better sense of management's ob- 
jectives. 

Finally, Polaroid, AVCO, and Raytheon indi- 
cated the need for government and industry to 
provide greater support of hard science and ap- 
plied research. A vice president at AVCO was 
highly concerned about the loss of hard science 
Ph.D.s since the Vietnam W; r who could not only 
contribute to military strength but to basic re- 
seat ch vital to civilian industrial strength. From 
the university side. Tufts noted that the current 
NSF emphasis on large research programs has 
greatly reduced opportunities to support research 
at Tufts. The Conunonwealth of Massachusetts' 
program to provide research focilities in micro- 
electronics available to universities and industry 
was lauded as a way of providing facilities that 
Tufts could use to educate their engineering 
students. 



CONCLUSION 



Shortages exist for engineers, especially for 
those in a few high demand fields. In the last 5 
to 8 years, however, shortages have been trouble- 
some but not a large burden. Some firms have 
never perceived shortages while others find the 
supply of engineers mudi too small. The flexibil- 
ity and mobility of some engineers is high but for 
most engineers it is low. The engineering market 
performs reasonably well for gradual transitions 
but does not perform well during periods of ma- 
jor technological change or dramatic changes in 
maricet and/ or economic conditions. 

In general, there does not appear to be a need 
for a direct government role in aUeviating poten- 
tial shortages of engineers. The market for entry- 
level engineers seems to be functioning' well enough 
now to eliminate shortages. At the bachelor's 



level, some educational institutions re[H>rt that 
they do not have enough resources to train all the 
engineers that are interested, due to shortages of 
faculty and equipment. 

Although there have been, and will continue 
to be. spot shortages of experienced engineers, 
they are not of a type amenable to direct govern- 
ment intervention. When a new technology is de 
vdoped, it simply takes time before there is a pool 
of engineers who are experienced with the new 
techniques. There may be a role for the govern- 
ment in helping to promote the retraining of ex- 
perienced engineers into startup fields. Mission- 
agency sponsored R&D programs could conceiv- 
ably serve that retraining function. The Federal 
energy and environment programs of the 1970s, 
for example, helped retrain signifxcarf numbers 
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of scientists and engineers to become specialists 
in those two fields. Many of these people are cur- 
rently employed in their new capacity by in- 
dustry. 

A fundamental problem is the obsolescence of 
know'how and the corresponding obsolescence 
of engineers. In req>onse, many institutions and 
firms are encouraging lifdong learning. Since gov* 
emment has traditionally played an important 
''ole in education, there are some policy options 
wh?c^ may help. One important role is to pro- 
vide basic facilities for education such as the 
microdectnHiic center that Tufts and other unr/er- 
sities find important in helping train engineers. 
Another role is to identify economic disincentives 
to lifelong learning and provide either educational 
support or tax relief to enable more engineers to 
keep up their know-how. 

In the area of information policy, there is the 
question of ho\/ new information technology can 



assist in providing ongoing know-how support 
and lifelong learning to engineers. Does the struc* 
ture of the market of engineers and their em- 
ployers encourage the private sector devdopment 
of such infcnnation support systems, or are there 
public sector reasons for government support? A 
number of market failure reasons can exist for the 
lack of the development of such support systems. 
To the extent that firms do iK>t fully bear the costs 
of the obsolete engineer, firms will underinvest 
in further training, etc. Also, information has 
transferability problems— it is often difficult for 
the supplier to exact the full value of infor* 
mation because it is difficult to keep the informa- 
tion from being passed along (with no further rev- 
enue to its producer)." 



''For a co^nprehensivc discutrior of these and other narjm aee 
W. Curtiii Priest, "The Character of Infonnatiofi/' contractor pa- 
per for U.S. Agress, Office of Technology Atsestment, Project - 
on Intellectual Property. Feb. 10, 1985. 
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Chapter 5 

Demographics and 
Equality of Opportunity 



The principle of equality of opportunity in 
scientific and engineering careers is embodied in 
the Equality of Opportunities in Science and Tech- 
nology Act of 1981:* 

The Congress declares it is the policy of the 
United States to encourage men and women, 
equally, of all ethnic, racial and economic back- 
ground^; to acquire skills in science and mathe- 
matics, to have equal opportunity in education, 
training, and employment in sd^tific and tech- 
nical fields, and thereby to promote scientific liter- 
acy and the full use of the human resources of the 
Nation in science and technology. To this end, 
the Congress declares that the highest quality 
science over the long-term requires substantial 
support, from currently available research and 
educational funds, for increased participation in 
science and technology by women and minorities. 

The Act sets out three reasons for promoting 
equality of opportunity: equity, the need for gen- 
eral scientific literacy, and the desire to fully uti- 
lize all human resources that could be applied to 
science and technology. It also explicitly calls for 
the commitment of Federal resources, within the 
overall scientific research and training budget, to 
programs which promote increased participation 
by minorities and women in science and technol- 
ogy. This commitment has not been completely 
carried out. 

The changing college student demographics of 
the coming decade have several important impli- 
cations for national policy regarding equality of 
opportunity. If the number of college graduates 
declines substantially, as predicted, the principal 
of utilization of all potential human resources to 
the fullest extent possible will become especially 
important. Although, as aigued in chapter 1, it 
cannot be proven conclusively that the Nation re- 
quires the current level of 300, (XX) new science and 
engineering bachelor's degree recipients per year, 
it would not appear prudent, in an v^ra when 

'National Science Foundation Authorization Act of 1981. Public 
Uw 96-516, Section 32(b). 



science and technology are expected by many to 
play an increasing role in improving our economic 
competitiveness and national security, to allow 
t^e number to decline appreciably. Therefore^ 
from a "utilization of resources" point of view^ 
programs to promote participation of historically 
disadvantaged groups take on greater significance. 

The increasing fraction of college students who 
are likely to be drawn from the black and Hispanic 
populations, that have historically participated in 
science and engineering education and employ- 
ment at far lower rates than the white p>opulation^ 
imply that programs direcf'd at these two minor- 
ity groups may be needed to keep the supply of 
scientists and engineers from declining. 

In order to understand what will be required, 
it is important first to have a clear picture of the 
factors leading to reduced participation by women 
and certain minority groups in science and engi- 
neering. These factors are complex, interrelated, 
and span the full developmental cycle from early 
childhood socialization to experiences in the work 
force. They include: 

• the continuing legacy of decades of discrimi- 
nation and discouragement from scientific 
and engineering careers, 

• differential treatment of women and minor- 
ities in the science and engineering work 
force, 

• lack of early educational opportunities due 
to social class and cultural factors among mi- 
norities, 

• female socialization patterns that discourage 
young women from perceived "masculine'' 
careers, 

• expectations that women will continue to as- 
sume the major role in housekeeping and 
childrearing and sacrifice their professional 
interests to those of their husband, 

• lack of financial support and institutional 
biases in the higher education system, and 

• lack of role models and early exposure to 
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science and engineering as worthwhile and 
accessible careers. 

The sections that follow will review, briefly, 
the participation rates in science and engineering 
education and employment for both women and 
minorities, and discuss in some detail the prin- 
cipal causes, as currently understood, of those low 
participation rates. The limited evidence on the 
effectiveness of intervention programs that have 



been initiated to increase participation in science 
and engineering among these groups will be pre- 
sented. Finally, a set of policy and researcn issues 
related to increasing the participation of women 
and minorities in science and engineering will be 
given. These issues have been identified by a re- 
view of the literature, an OTA v/orkshop, and 
a questionnaire to practitioners in the field. 



WOMEN 



The increasing participation of women in scien- 
tific and engineering education and employment 
is a well-documented phenomenon. The trend is 
most dramatic in higher education, where women's 
share of total science and engineering baccalaure- 
ates increased from 28 to 36 percent; of master s 
degrees from 18 to 28 percent; and of doctorates 
from 15.5 to 29.4 percent between 1972 and 1982. 
Figure 5-1^ illustrates that increasing participation 
by field and degree. In employment the trend is 
less dramatic but still significant. Women con- 
stituted 8 percent of the Nation's scientific and 
engineering work force in 1973; a decade later 
they were 13.1 percent. The most impressive gains 
were in computer specialists, engineers, and life 
scientists, where the numbers of women increased 
by factors of 4, 3, and 2 respectively between 1976 
and 1983.^ 

Two issues link women's increasing participa- 
tion in science and engineering to the demographic 
trends which are the subject of this technical 
memorandum: 

1. the degree to which the increasing partici- 
pation of women in science and engineering 
is likely to continue over the next two dec- 
ades, and 

2. the implications of overall demographic 
trends for policies and programs to promote 
equality of opportimity for women in science 
and engineering. 

'Betty M. Vetter and Eleanor L. Babco. Profession^ Women and 
Minorities, 5th ed. (Washington, DC: Scientific Manpower Com- 
mifsion, August 1984), p. 37. 

*Sdence and Engineering Personnel: A National Overview, NSF 
85-302 (Washington, DC: National Science Foundation, 1985), pp. 
53-54. 



To understand these issues better, it is neces- 
sary to examine the factors that influence women's 
decisions to enter and remain in science and engi- 
neering careers. 

The Science and Engineering 
"Pipeline" 

According to Sue Berryman, the pool of talent 
from which the Nation's scientists and engineers 
is drawn is largely formed in high school. Inter- 
est in science and mathematics first appears in 
elementary school, develops most intensely prior 
to 9th grade, and basically is completed by the 
12th grade. After high school, migration is almost 
entirely out of, not into, the pool. As a conse- 
quence: 

. . . those who obtain quantitative doctorates or 
have mathematically-oriented careers a decade af- 
ter high school come overwhelmingly from tl ^ 
group in grade 12 who had scientific and mathe- 
matical career interests and high mathematical 
achievement scores .... By grade 12, these 
achievement scores clearly differentiate those who 
plan (to attendl college from those who do not 
and those who plan quantitative college majors 
from those who plan non-quantitative ones/ 

If we follow a group of 4,000 seventh graders 
—half boys and half girls— through the sequence 
of steps from age 12 through 32 that ultimately 
select those who will become scientists and engi- 
neers in quantitative fields (the physical sciences, 
mathematical and computer sciences, biological 
sciences, economics and engineering), we find the 

*Sue E. Berryman Who Will Do Science (New York: The Rocke- 
feller Foundation, November 1983), pp. 66-77. 



ERLC 



Figura 5-1.— P«rctnt of D«grMs Qranttd to Woman 1950-82 





1QS0 1960 ^970 1080 1950 1900 19^0 1980, 1950 i960 1970 1960 

Year Year 

SOURCE: Scltntlfic Manpower Commtttion. Prof^stfonMl Wort.^n §nd MinorWs (Waahlngton, DC 1984). p 36 



Year 



following interesting patterns.* About half each 
of the boys and girls will have taken and under- 
stood enough mathematics by age 12 to be capa- 
ble of pursuing sufficient advanced work in high 
school to prepare for a quantitative n.ajor in col- 
lege. (At age 12 the mathematical abilities of boys 
and girls are almost identical.) Of this group of 
1,000 boys and an equal number of girls, only 280 
boys and 220 girls will actually take enough high 
school mathematics to major in a quantitative 
field in college. This difference in numbers of stu- 
dents taking advanced mathematics courses is one 
of the factors leading to the observed differences 



•Betty M. Velter, The Science and Engineering Talent Pool" in 
Scientific Manpower Commission, Proceedings of the 2934 Joint 
Maetif^ of the Sdentihc Manpower Conmission and the Engineering 
Manpower Commission (Washington, DC: National Academy of 
Sdencet, May 1984), pp. 3 and 5. 



between young men and young women in college 
SAT mathematics scores. 

Of the original 2,000 young potential scientists 
and engineers, only 140 of the boys and 45 of the 
girls will actually enter college with plans to ma- 
jor in science or engineering. Forty-five of those 
young men will emerge from college with a quan- 
titative baccalaureate degree; 20 of the women will 
do likewise. At the Ph.D. level, five men and one 
woman, of the original science and engineering 
pool of 2,000, will actually receive a doctorate 
in a quantitative field. 

We can see from the above statistics just where 
women's participation in quantitative fields drops 
off most sharply. Between the age of 12 and the 
selection of a potential major in college at age 18, 
young women's persistence in the science and 
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engineering "talent pool" falls off three times as 
rapidly as that of young men. After college, 1 out 
of every 20 women, as opposed to 1 out of every 
9 men, who receive quantitative B.A.s goes on 
to complete a quantitative k^.D. Thus, it is at the 
pre-coOege and postgraduate leveb that we should 
look for factors that discourage women from pur- 
suing science aiid engineering careers. 

The factors that lead college freshmen women 
to pursue science and en^eering majors less fr^" 
quently than men are best illustrated by a com- 
parison of major field preferences among college 
treshmen. The 1984 study of r r American Fresh- 
man by the Higher Education .Research Institute* 
shows exactly where the two sexes differ most in 
their preferences. Twenty percent of the men, but 
only 3 percent of the women, report an intention 
to major in engineering. Three and one-third per- 
cent of the men, but only 2 percent of the women 
report an intention to major in a physical science. 
By contrast, women show significantly greater 
preference ror the social and the biological sci- 
ences; 8.4 to 5.1 percent in the social sciences; 4.f 
to 4.1 percent in the biological sciences. 

These differences are often explained as conse- 
quences of oung women's lack of exposure to, 
or poorer performance in high school mathe- 
matics. However, TTic Am rican Freshman sur- 
vey and the records of earned baccalaureates cast 
considerable doubt on this explanation. Accord- 
ing to the survey, 0.9 percent of the freshmen 
women and 0.8 percent of the freshmen men sur- 
veyed in 1984 intended to major in mathematics. 
More than 7 percent of the women and only 5.7 
percent of the me 'ntended to specialize in ac- 
coi nting. Twenty-five percent of the men and 23 
pe« cent of the wom«^ intended to major in a busi- 
ness fidd other than "secretarial studies." Accord- 
ing to the Scientific Manpower Commission,^ 
more than 40 percent of the bachelor's degrees in 
mathematics have been received by women every 
year since 1974. Close to 40 percent of the busi- 
ness and management degrees and close to 35 
percent of the computer science degrees were 

^Alexander W. Aitin, et al., The AmericMn FreshmMit: N»tionil 
Naram for PmU 1964 (Lot Anfelct, CA: The Cooperative Institu* 
tkMud Rcttarch Institute, Univemty of California at Los /uigeles, 
Dwembcr 1984), pp. 16-18, 32-34. 

'Vcttcr and Babco, op. dt., p. 37. 



awarded to women in 1982. Thus, it does not ap- 
pear that women are avoiding quantitative fields 
in general due to perceived inadequacies in their 
mathematical capabilities. Rather, it appears that 
women are avoiding engineering in particular— 
despite significant increases in their enrollment in 
that field in recent years— and, to a lesser degree, 
physics. 

To understand why women tend to select engi- 
neering as a college major so much less frequency 
than men do, it is useful to examine those fields 
which women tend to choose far more often "han 
men. The fields with the largest differentials in 
favor of women in Ihe American Freshman are: 
education (9.6 percent of the women, 2.8 percent 
of the men); ntusing (7.6 percent of the women, 
0.3 percent of the men); and '»erapy (3.4 percent 
of the women, 0.8 percent of the men). Those 
three fields account for 20.6 percent of the women 
and 3.9 percent of the men in the survey, a mir- 
ror image of the ratio m engineering (3.0 percent 
of the women, 20.1 percent of the men). 

Education, nursing, and therapy are all tradi- 
tional "women's fields," while engineering is tradi- 
tionally a "man's field." Education, nursing, and 
therapy are all considered to be "helping" and 
"people-oriented" professions, whereas engineer- 
ing is associated with building things and control- 
'■jig the physical universe. Freshmen women's 
tendency to select the first three fields over engi- 
neering may simply indicate that traditional sex- 
role stereotypes and career patterns have not yet 
worked their way out of the system. 

This should hardly be surprising from a histori- 
cal point of view. is less than a decade and a 
half since the women's movement forced open the 
doors to the traditionally male professions. All 
of the parents and most of the teachers of the cur- 
rent crop of freshmen were raised in the pre- 
feminist era. There are significant groups and 
leaders in the country who are not fully commit- 
ted to the ideals of equality between the sexes in 
the work force. Thus, the influential adults who 
help to shape teenagers' ideas about the world and 
their place in it are not imif ormly aligned in fa- 
vor of efforts to break with traditional sex roles 
and occupational choices. The persistence of a siz- 
able fraction of college freshmen who remrin true 
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to earlier stereotypes of "women's" and "men's" 
work in these circumstances is hardly surprising. 

Recent research by Gail Thomas tends to con- 
firm the persistence of traditional sex-role stereo- 
tjrpes. Thomas found, from an extended study of 
"Determinants and Motivations Underlying the 
College Major Choice of Race and Sex Groups/' 
that the "choice of a college major entails a fairly 
predictable process that is largely formalized prior 
to college" and is "characterized by distinct (and 
to a great extent traditional) male and female 
interests, values, and aspirations held during 
childhood." These findings, according to Thomas, 
"imply the importance of traditional sex social- 
ization. . . 

Sue Berryman finds an additional career-related 
factor helping to explain young women's decisions 
to avoid quantitative majors in college. The 
greater a woman's expectation to assume the ma- 
jor child rearing responsibilities of her children, 
the less likely she is to choose quantitative occu- 
pations that require major educational and labor 
force commitments. The more she expects con- 
tinuous labor force participation during adult- 
hood, the more her occupational goals approxi- 
mate those of young men. Berryman notes that 
"studies show that male single parents m^ke oc- 
cupational and labor force adaptations to parent- 
ing that are similar to the plans of young women 
who expect dual family and work responsibili- 
ties."* 

Berryman sees young women's career expecta- 
tions interacting with their decision to take 
advanced mathematics courses to produce the pat- 
tern of underrepresentation of women in quan- 
titative fields. "Gender differences in grade 12 
mathematics achievement are primarily attributa- 
ble to differences in boys' and girls' participation 
in elective mathematics during the 4 years in sen- 
ior high school," according to Berryman. Prior 
to grade 9, boys and girls do not differ signifi- 
cantly in average mathematical achievement. The 

•Gail E. Thomas, DettrmiMnts and Motivations Underlying tht 
College Major Choice of Race and Sex Groups (Baltimore, MD* Cen- 
ter for Social Organizations of Schools, Johns Hopkins University, 
March 1983), p. 40. 

•Sue E. Berryman, "Minorities and Women in Mathematics and 
Science: Who Gioo:»es These Fields and Why?" presented at the 1985 
annual meetings of the American Asi on for the Advancement 
of Science in Los Angeles, CA, Ma ♦S, p. 14. 



individual's confidence in his or her mathematics 
ability, and perception of the utility mathematics 
will play in achieving educational and career 
goals, are factors contributing to the participa- 
tion in the high school mathematics sequence. The 
stronger the two factors are, the greater the likeli- 
hood of partipation. Since career goals sp^m to 
determine education?^ investments, gendei differ- 
ences in occupational expectations become key to 
understanding gender differences in high school 
mathematics participation. Berryman sums up by 
stating: ""the key for women seems to be their ca- 
reer choices, their investment in the junior an^f 
senior high school mathematics and science se- 
quences being related to these choices'" (empha- 
sis added). 

Although Berryman sees mathematics ability 
and achievement as crucial to success in a quan- 
titative career ("high mathematical achievement 
at grade 12 predicts realization of grade 12 quan- 
titative career plans by age 29"), she sees such 
achievement as strongly related to, and influenced 
by, career choices already being formed in high 
school. 

Once in college, it appears that young women 
have significantly less trouble than young men 
completing a quantitative baccalaureate. Forty- 
two percent of the women, as opposed to 30 per- 
cent of the men, who begin collie with a quan- 
titative major emerge after 4 years with a quan- 
titative B. A. In graduate school, however, further 
attrition occurs. Women receive less than one- 
third as may quantitative master s degrees and 
one-fifth as many Ph.D.s. As a fraction of quan- 
titative B.A.s women's attainment of quantitative 
M.A.s and Ph.D.s is less than half that of men. 

The causes of women's attrition from the science 
and engineering "tale nool" in graduate school 
are not well documented. The problem does not 
appear to be with initial enrollment. The percent- 
age of science and engineering graduate students 
who are women is almost identical to the percent- 
age of science and engineering B.A.s awarded to 
women. There are some differences from field to 
field, with a considerable underrepresentation of 
women in mathematics and a significant over- 
representation in life science graduate programs, 

"Ibid., pp. 13-14. 
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but overall the numbers are quite close, as can 
be seen below:" 

Rdd Percent BA,, Percent grad. enroll., 

women, 1930^2 women, 1982 

Total S/E 36.6% 35.3% 

Physical sciences 24.5 21.0 

Engineering 11.0 10.9 

Mathematical sciences 36.9 27.1 

Life sciences 40.0 52.4 

Social sciences 51.8 47.0 

The problem appears to be with persistence in 
graduate school, with womer's participation de- 
creasing "at each successive degree level."" Shirley 
Malcom cites one possible cause of this decline — 
lack of financial support 

In the 1981 Summary Report of Doctorate Re- 
cipients, a discussion of differences in financial 
support of doctoral training is a cause for serious 
concern. Women were more likely to report "self" 
sources of support. This was the primary source 
of support for 45 percent of the women but only 
30 percent of the men. On the other hand, re- 
search assistantships were reported as the primary 
source of support for the doctorate by over twice 
as many men (22 percent) as women (10 percent). 

Since research assistantships facilitate entry into 
a research career, by providing access to equip- 
ment, mentors, conferences, and publications, the 
differential access to research assistant support ap- 
pears to be an especially important problem. 

A second factor, however, is undoubtedly 
women graduate students' increasingly negative 
perceptions of the act jal benefits their advanced 
degree training will bring them. Once in gradu- 
ate school, women can often see in the behaviors 
of their professors the forms of discrimination 
they will face in the workplace, reducing consider- 
ably the return on their investment in higher edu- 
cation. 



"Vetter and Babco, op. cit., pp. 27-37. 

»*Shirley M. Malcom, Women m Science And Engineering An 
Overview, prepared For the National Academy of Sciences (Wash- 
ington, DC: American Association for the Advancement of Science, 
September 1983), pp. 27 and 37. 

"Ibid., p. 8. 



Differential Treatment c 
Women in the Science and 
Engineering Woric Force 

It would be nice to report that once a woman 
has gone through the time and trouble to receive 
training in a science or engineering field, especially 
to the Ph.D. level, she is safely ensconced in the 
technical work force with as great a likelihood of 
remaining there and receiving the full benefits of 
her education as her male counterpart. Unfortu- 
nately that is not the case. Sue Berryman finds 
that 'labor force attrition rates differ far more by 
gender than by race" with female attrition rates 
' more than 50 percent higher than those of men." 
In 1982, almost 25 percent of the women trained 
as scientists and engineers, compared to 16 per- 
cent of the men, were not using their training in 
the scientific and engineering labor force. One- 
third of the women who were out of the labor 
force in 1982 had left for reasons of family respon- 
sibilities." 

Lilli Homig, in an article entitled "Women in 
Science and Engineering: Why So Few?" speaks 
of a "gender gap in jobs" for women Ph.D.s in 
the science and engineering work force. With the 
exception of engineering, male scientists are able 
to realize their plans for either employment or 
postdoctoral fellowships sooner than women. In 
academia, men are "far more likely than women 
to be hired to tenuretrack positions, to be pro- 
moted to teni'-' ' nd to achieve full professor- 
ships." Women, on the other hand, "hold assis- 
tant professorships and nonfaculty positions more 
than twice as often as men. In industrial research, 
women Ph.D.s are underrepresented by about 50 
percent." Those who do obtain employment are 
only about half as likely as men to advance to 
management positions. 

The salary differential between women and men 
in comparable scientific positions is quite pro- 
nounced. Data from the National Science Foun- 
dation (NSF) show that women earn less than men 
in almost every field of science, in every employ- 



"Berryman, 1985, op. cit , p. 7 

"Lilli S. Homig, "Women in Science and Engineering: Why So 
Few?" Technology Review, November-December 1984, p. 40. 
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ment sector, and at every level o( experience." 
In 1982 the median annual salary of women scien- 
tists and engineers was 75 percent of that of their 
male counterparts: $26,300 v. $35,000 The per- 
centage was highest among the comp' te: special- 
ises at 86 percent, and lowest among the life scien- 
tists, social scientists, and physical scientists at 74 
percent. (See table 5-1.) Employed female scien- 
tists and engineers with less than 5 years' experi- 
ence earned on ihe average 90 percent as much 
as their male counterparts; those with 31 to 35 
years experience earned less than 78 percent. 

Aline Quester, in an exhaustive study of 'The 
Utilization of Men and Women in Science and 
Engineering Occupations: Task and Earning Com- 
parability" finds that:" 

Male scientistd and engineers earn substantially 
more than female scientists and engineers. While 

"lie 1982 Po$tcensd Survey of SdenUih and Engineers, NSF 
84-330 (Wiihington, DC: National Science Foundation, 1984), ta- 
blet B-32 and B-33, pp. 144-151; and Sdence and Engineering Per- 
ionnd: A NMtionMl Overview, op. dt., table B-17. pp. US-129. These 
two publirationt are the tources for all the numbcn in this para- 
graph. They are not quite consistent with one another. 

"Aline O. Quester, Utilization of Men and Women in Science 
and Engineering Occupations: Task and Earning Comparability 
(Alexandria, VA: The Public Research Institute, July 1984). 



one-fourth to one-third of the male earnings 
premium is accounted for by differences in in- 
come-producing characteristics between males 
and females (primarily different subf ield concen- 
trations), the other portion of the differential is 
unexplaL'i<d; the men simply earn more than the 
women. 

No observable variables have yet been isolated 
which would account for the systematic earnings 
differential. If no such variables emeige in the face 
of repeated investigation, the presumption grows 
stronger that the earnings differential rests on cov- 
ert discrimination. 

Unemployment 

In 1974, NSF reported unemployment rates 
[among all scientists and engineers] of 1.6 percent 
for men and 4.1 percent f^/ women. By 1982, un- 
employment rates had climbed to 1.9 percent for 
men and 4.5 percent for women. Unemployxrcfnt 
rates for doctoral men and women scientists anJ 
engineers were 0.9 and 3.9 percent, respectively, 
in 1973, and 0.8 and 2.6 percent in 1983. 

NSF found the smallest unemployment rate 
differential between women and men among com- 
puter specialists, while the greatest difference was 



T«bt« 5-1.— Average Annual Salaries off Scientists and Engineers by Field and Sex/Race/Ethnic Qroup, 1082 



Field Total Men Women White Black 

Total, all fields $34,000 $35,000 $26,300 $34,100 $29,900 

Total scientists 31.700 33.400 25.800 31.800 28.500 

Physical scientists 34.700 35.500 26.400 34.900 30.100 

Chemists 33.600 34.600 25.500 33.900 29.500 

Phvslclsts/astronomers 37.900 38.100 32.600 37.900 34.600 

Other physical scientists 35.000 35.700 26.300 34.900 33.400 

Mathematical scientists 34.800 37.500 29.100 35.000 31.600 

Mathematicians 3S/y) 37.700 29.500 35.600 31.800 

Statisticians 32.v.^J 36.700 28.100 33.000 30.900 

CcTiputer specialists 32.200 33.500 28,800 32.300 31.100 

Environmental scientists 36.80C 38.000 29.900 36.700 30.700 

Earth scientists 37.600 39.000 30.300 37.500 31.200 

Oceanographers 34.600 36.500 22.300 33.400 28.200 

Atmospheric scientists 32.700 33.100 28.500 32.600 29.400 

Life scientists 28.900 30.400 22.500 29.000 27.700 

Biological scientists 28.200 29.500 22.500 28.300 28.000 

Agricultural scientists 27.500 28.800 17.900 27.400 26.300 

Medical scientists 38.900 42.600 28.200 39.300 27.100 

Psychologists 28.800 31,700 23.900 29.000 25.900 

Social scientists , 30.600 33.000 24.300 30.700 26.400 

Economists 34.700 35,900 29.600 34.700 31 .100 

Soclologists/anthropolooists 24.900 27.000 21 .600 24.900 23.800 

Total engineers $35.800 $36,000 $29.000 $35.900 $31.700 

SOURCE' National Scianca Foundation. SciencB and Engm0§rfng P§rsonn»r A NaUon»i Ovtrvfaw, NSF 65-302, p 13S 
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29.000 
28.700 
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$35,000 
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30.600 
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39,800 
22.400 
31,400 
25,600 
24,100 
27,600 
30.700 
20.400 
24.100 
31.000 
18,100 

$33,700 
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noted among social scientists. After controlling 
for field, the unemployment rate for women re- 
mained twice that for men. For recent (1980 and 
1981) science and engineering graduates at the 
bachelor's level, 7.7 percent of the women and 
5.1 percent of the men were unemployed. Among 
recent master's degree graduates, 7.3 percent of 
the women and 2.3 percent of the men were also 
unemployed." 

Underemployment 

The term "underemployment" is used by NSF 
to describe the combined rffect of involuntary em- 
ployment outside of science and engineering and 
involuntary part-time employment where full- 
time employment is sought. The "underemploy- 
ment" rate for women scientists and engineers in 
1982 was 5 percent; for men it was 1 percent. Part 
of this difference was due to the greater concen- 
tration of men in engineering, where full-time em- 
ployment is more the rule. But when only scien- 
tists are compared, women are still twice as likely 
as men to be "underemployed." NSF reports that 
underemployment rates for women are higher in 
every field of science except for computer spe- 
cialists, where the rates are essentially equal. This 
is true also at the doctoral level, where underem- 
ployment rates for women are above those for 
men in all major fields of science and engineer- 
ing." 

Rank and Tenure 

According to Betty Vetter:" 

Among all academically employed doctoral 
scientists and enfuneers in 1983, 65.6 percent of 
the men, but only 39.2 percent of the women, 
were tenured. An additional 14 percent of men 
and 21 percent of women were on the tenure 
trade, while 8.4 percent of men and 19.9 percent 
of women were neither tenured nor in tenure- 
trade positions. . . . 

The National Research Council (NRC), in 1981, 
reported on the results of a survey of Career Out- 
comes in a Matched Sample of Men and Women 



^'IVomen and Minorities in Sdtnce and Engineering (Washing- 
ton, DC: National Science Foundation, January 1964), pp. lS-21 
"Ibid. 

'•Betty M. Vetter, "Women in Science and Engineering," type- 
tcript, p. 10. 



Pb.Ds. It found that for men and women with 
degrees in the same field, in the same year, from 
equally prestigious universities, significant gen- 
der differences could be found in employment, 
rank and promotion, and salary. Specifically, 
NRC found that:" 

Among the academically employed Ph.D.s who 
were surveyed 20 or more years past the doc- 
torate, 87 percent of the men were full professors 
compared with 64 percent of the women. 

For a given pair of one woman and one man 
with matched characteristics (10-19 years past the 
Ph.DJ, the man is 50 percent more likely than 
the woman to have been promoted to full pro- 
fessor. 

Among 1070-1974 Ph.D.s one-third of the 
women, but one-half of the men held senior 
faculty posts. In every field, the distribution by 
rank was less favorable for women than men, 
based on their greater concentration among as- 
sistant professors and nonfaculty appointees. 

Female salaries at major research universities 
are significantly below the estimated salaries for 
men with similar characteristics. 

Salary differences between young male and fe- 
male Ph.D.s in academe still exist, even after con- 
trolling for type and quality of doctoral training. 

Lilli Homig reports that only 79 out of approx- 
imately 4,200 faculty positions in the 171 Ph.D.- 
granting physics departments in the United States 
are held by women. Women hold only 188 of the 
4,400 faculty positions in chemistry departments 
that grant the doctorate." This situation exists de- 
spite the fact that, according to NRC, there are 
more than 3,600 women doctoral chemists in the 
U.S. labor force.^^ Vivian Gomick, in her book 
on Women in Science likens the situation of 
women in chemistry to that of "Jews in Czarist 
Russia."" She reports the following statement 
from an anonymous woman chemist at a "great 
research university":" 

"Nancy C. Ahern and Elizabeth L Scott, Career Outcomes in 
a Matched Sample of Men and Women Ph D.s—An Analytical Re- 
port (Washington, DC: National Academy Press, 1981), pp. xvii, 
xviii. 

^'Hornig, op. cit., p. 41. 

"Betty D. Maxfield and Mary Belisle, Science, Engineering, and 
Humanities Doctorates in the United States. 19B3 Profile (Wash- 
ington, DC: National Academy Press, 1985), p. 28. 

"Vivian Gomick, Women in Science (New York: Simon k 
Schuster, 1981), p. 98. 

"Ibid , pp. 102-103. 
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The chemistry department here doesn't adver- 
tise. It's illegal now, but they still do it that way. 
Somdiow they consider it a "shame" to advertise. 
They write to their friends. And of course their 
friends are men wl'io have only male graduate stu- 
dents. But even so, some awfully good young 
women get through the system and come up here 
for interviews. It's always the same. They look 
at these excellent young women and they say, 
"She's very good but she lacks seasoning. Let her 
go off somewhere else for the year and then well 
consider her again." Of the young men just like 
her they say, "We'd better grab him before some- 
one else does." 

Implleatfont for Women's Particlpiitlon 
In Scionco and Engineering 

Of the many factors that reduce the participa- 
tion of women in science and engineering educa- 
tion and employment, the discriminatory prac- 
tices discussed in the preceding secticm are perceived 
by many to be the most serious impediments to 
the goal of equality of opportunity. Those prac- 
tices are thought to violate the equity principle 
most directly, because they affect people who 
have established, by virtue of obtaining an ad- 
vanced degree, the right to pursue a scientific ca- 
reer based solely on the quality of their work. 
Their effect on women who have made the long 
and arduous investment in training for a scien- 
tific career can be devastating. Vivian Gomick de- 
scribes discrimination against women in science 
as: 

... the kind of experience that becomes lodged 
in the psyche: both the f ndivkhial one and the col- 
lective one. It may go unrerorded in the intellect 
but it is being registered in the nerve and in the 
spirit. It means sustaining a faint but continuous 
humiliation that, Ukc low-grade infection, is 
camulative in its power and disintegrating in its 
ultimate eHicct [emphasis added].'* 

The differential treatment of women in the 
sdence and engineering work force is believed to 
have a significant effect on female studmts in the 
educational '"pipeline." A woman student in a 
jrfiysics or diemirtry department where no wonien 
have achieved tenure, or, perhaps, even been 
hired to a tenure-track position, is not likely to 
form a positive picture of her likely future em- 
ployment prospects. Nor will she experience the 

^ '^Md./ p. 74. 
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kind of role model which the literatiu'e on equal- 
ity of opportimity suggests is desirable to assist 
a young woman in identifying herself with her fu- 
ture profession. These two factors will consider- 
ebly decrease the motivation for such a student 
to make the sacrifices required to stay in gradu- 
ate school and complete her Ph.D. 

Finally, the discrimination, higher attrition 
rates, greater unemployment, and underemploy- 
ment experienced by women as compared to men 
in science and engineering are seen by many to 
be a serious waste of human resources that have 
been cultivated and prepared at considerable ex- 
pense to the individual and the Nation. 

The two avenues for dealing with this problem 
appear to be strict enforcement of existing affirm- 
ative action laws, and leadership from within the 
scientific conununity. As Lilli Homig writes:'^ 

Despite the widespread nonenforcement of 
"affirmative action," laws against explicit bias 
have opened up much broader access to educa- 
tion and careers for women. Universities dis- 
courage most of the more obvious forms of dis- 
crimination against woman and point with pride 
to equal access and success for women students 
.... The most effective way to deal with (less 
explicit disparities] is probably not by external in- 
tervention but throuj^ the leadership of adminis- 
trators and senior faculty. MIT took this ap- 
proach more than a decade ago and has had 
considerable success in recruiting women as both 
students and, faculty, even in fields that have 
traditionally 'liad no women." 

The National Academy of Engineering, in its 
report on Engineering Education and Practice in 
the United States,^* has taken such a leadership 
role. It finds ''anecdotal" evidence that ''female 
engineering professors are not obtaining tenure 
at the same rate as their male counterparts" and 
"a perception of discrimination against female 
faculty members in assignment of teadiing req;>on- 
sibilities and in selection for research teams." It 
recommends that college administrators "make a 
candid assessment of the negative aspects of 
campus life for women faculty membm" and, 
where these are found, "take firm steps to elimi- 
nate them." 



'^omig, op. dt, p. 41. 

'^NatkHial Rctesrd) CouiK^, £r^Sin^^ 
in die United Stale$^FoundMtion$ of Our TechnthEconomic Futm 
(Wathington, DC: NaHonal Acsdemy Pim, 1985), p. 94. 
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MINORITIES 



Minorities represented 9.7 percent of the science 
and engineering work force in 1982, up from 
about 5.5 percent in 1976, but substantially less 
than their 18.0 percent representation in the gen- 
eral working population. Blacks constituted 2.6 
percent of the Nation's scientists and engineers, 
as compared to 10.4 percent of the general labor 
force. Hispanics represented 2.2 percent of the 
scientific and engineering work force, s opposed 
to 5.5 percent of the total labor force. On the 
other side of the coin, Asian-Americans' 4.5- 
percent share of the scientific work force was 
neariy triple their 1.6-percent share of the work- 
ing population in the United States.'* 

In the educational "pipeline/' minorities' dif- 
ferential experience in science and engineering 
from that of white males is also quite dramatic. 
As table 5-2^ shows, blacks, Hispanics, and 
American Indians receive degrees in quantitative 
fields at lesa than half the rate of whites, while 
the rates for Asian-Americans are more than dou- 
ble that c ^ the white population. The numbers in 
the table represent the ratio of the percent of quan- 
titative (kgrees awarded to the particular group 
to its peroentaje representation in the age-relevant 
population. For example, blacks received 4.1 per- 
cent of the quantitative B. A.s in 1978-79, but were 



'^Vctter and Babco, op. cit., p. 96. See alio Sutistical Abstract 
cf the United States, 1985 (Washington, DC: U.S. Department of 
Commerce, Bureau of the Census, 1985), pp. 391-392. 

'•Berryman, 19S3, op. cit., p. 21. 



12.9 percent of the age 22 population, leading to 
a ratio of 0.32 in the table. 

The very low ratios for blacks, Hispanics, and 
American Indians are, in fact, the product of two 
factors: the tendency of these groups to receive 
higher education degrees at far lower rates than 
.whites, and their tendency, as well, to major in 
nonquantitative fields. These two factors are dis- 
played in tables 5-3 and 5-4.'^ Blacks, Hispanics, 
and American Indians are 50 to 62 percent as 
likely as v^tes to obtain a baccalaureate, and 30 
to 66 percent as likely to receive a Ph.D. Among 
those who do obtain the two degrees, the three 
minority groups^ under discussion are 62 to 88 per- 
cent as likely as whites to have majored in a quan- 
titative field at the undergraduate level, and 39 

"Ihid., pp. 18 and 20. 

Tabl« 5-&— 1978/79 Representation Relative to 
RepreMntatlon In the Age-Relevant Population by 
Degrae Level and Racial and Ethnic Group 

Dtgft Ifvl 



Racial and Associate Profasalonal 

•thnic group degree B.A. M.A. Ph.D. d agrea 

Whites 1.04 1.11 1.10 1.11 1.14 

Blacks 0.70 0.51 0.58 0.41 0.35 

Hisoanlcs 0.86 0.62 0.36 0.31 0.45 

American Indians . . . 0.86 0.57 0.66 0.66 0.50 

Asian-Americans ... 1.27 1 13 1.05 1.33 0 95 



SOURCE Suf B«rrym«n, Who Will Do SciW9 (Ntw York ThaRocktMltr Foun- 
dation, 1963), p 21 



Table 1978/79 Roproeontatlon In Quantitatively 
Based Fiolde* Relative to Representation in 
Aos-Relevant Populstion liy Oegiee Level 
and Racial and Ethnic Group 

Degree level 



Racial and ethnic group B.A. M A. Ph.D. 



Professional 
degrees 



Voltes 

Blacks 

Hispsnics 

American indisns 
Aslan*American8 . 



1.13 
0.32 
0.55 
0.43 
1.93 



1.12 
0.21 
0.29 
0.50 
2.79 



1.12 
0.16 
0.21 
0.33 
271 



1.12 
0.35 
0.47 
0.50 
1.58 



%)uamHalivaly b$m6 Htlda for th« BJ^ .MJ^., and Pti 0 ara dtfintd to include 
the pHyaiCil tdat.xa, maitw«iMtlc«. computtr Kl«ncM. biological Ktancot, 
mi0tmnnQ, m6 acunomlcs. for profatsional doe^oat tho fiaids ara bioiogi- 
oMy c phytteaHy baaad and daflnad to inciuda madicina. dar 'latry. optometry 
otiaopa mi , podMry, vatafinary madicina, af>d phamtacy 

tOUnCE. Sua Barryman, Who M4» OoSc«anca(Naw York Tha Rockafaliar FOMn- 
dalion, laaSK p. 21. 



Table 5-4.-1978/79 Representation In Quantitatively 
Based Fields' Relative to Representation In 
Total Degrees by Degree Level and 
Racial and Ethnic Group 

Degree level 

Professional 

Racial and ethnic group B.A. M.A. Ph.D. degrees 

Whites 1.02 1.02 1.01 0.99 

Blacks 0.62 0.36 0.39 0.96 

Hispanics 0.88 0.80 0.69 1.04 

American Indians 0.75 0.75 0.50 1.00 

Asian Americans 1.71 2.65 2.04 1.67 

■Ouantitativoly baaad fiolds for tha 8 A . M A . and Ph 0 ara dafinad to ir>ciuda 
tha phyalcal Kiancat, mathamatics. computar tciancaa. biological Klancaa. 
anginaaring. and aconomics for pro'attional dagraas tha fialds ara btoiogi- 
cally or phyaicaily baaad and dafinad to inctuda madicina, dantiatry . optomalry, 
oataopathy. podiatry, vatorinary madicina, and pharmacy 

SOURCE Sua Barryman, Who Will Do Scionc^ (Naw York Tha Rock«fallar Foun- 
dation. 19S3)i P 21 
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to 69 percent as likely to have majored in a quan- 
titative field on the graduate level. The ratios in 
table 5-2 are the product of the ratios in tables 
5-3 and 5^ for each racial ajid ethnic group and 
each degree level. 

Asian-Americans are p^out equal to whites in 
their likelihood of obt«» j higher education 
degrees. However, they are :nore than twice as 
likely to select quantitative majors in college and 
graduate school. This picture for Asian- Americans 
may, however, be deceiving. Robert Suzuki claims 
that 85 to 90 percent of the Asian American scien- 
tists and engineers are non-U.S. citizens, or 
naturalized citizens who inunigrated to this coun- 
try to pursue their college education. This indi- 
cates, according to Dr. Suzuki, that:" 

American-bom Asian/Pacific Americans of 
second, third and even fourth generation who 
bear the legacy of 130 years of racial oppression 
and who generally trace their ancestry to poor im- 
migrant peasants are probably not over-repre- 
sented in science and engineering and, indeed they 
may still be underrepresented, although I know 
of no definitive studies on this subject. 

On the other hand, most of the foreign-bom 
Asian/Pacific Americans in science and engineer- 
ing come from the more affluent classes in their 
countries of origin and represent perhaps the top 
onehundiedth of 1 percent of their countr/ s pop- 
ulations. Consequently, these persons have not 
Suffered the historical discrimination experienced 
by their American-bom counterparts. Moreover, 
they generally represent an elite class, the cream 
of the cream, who likely to do well even as 
immigrants. 

Dr. Suzuki is undoubtedly overstating the case. 
However, because the high participation rate 
among Asian- Americans in science and engineer- 
ing education and employment does not consti- 
tute a problem in equality of opporttmity, we will 
use the term "minorities" to refer exclusively to 
blacks, Hispanics, and Native Americans in this 
chapter. Asian-Americans will be discussed sep- 
arately, where appropriate. 

Due to limitations of time and space, differences 
between blacks, Hispanics, and American Indians, 



"U.S. Congress, House Committee on Science and Technoiogy, 
Subcommittee on Science, Symposium on Minorities and Women 
in Science snd Technology (Washington, DC: U.S. Government 
Printing Office, July 1982), p. 12. 
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between men and women in each ntinority group 
and between the different Hispanic subgroups can- 
not be discussed in this technical memorandum. 
The omission of a discussion of these differences 
is not meant to imply that they are insignificant. 

The quality of academic preparedness in sec* 
ondary school is cited by many experts as the 
greatest factor affecting minorities' academic per- 
formance and baccalaureate attainment in coU^. 
The greater attrition levels in the sciences of mi- 
nority groups correlates very highly with meas- 
ures of academic preparedne.^'s, such as high 
school grades, aptitude test scores, quality of 
study habits, rigor of the high school curriculum, 
and perceived need for tutoring. Of those factors, 
Alexander As tin found that grade average and 
class rank were more important predictors of un- 
dergraduate grades and persistence than were 
standardized test scores.^' 

Unlike some other disciplines, it is essential to 
begin the science course sequence at an early stagr 
in the high school curriculum. Fields such as 
chemistry, physics, and engineering require ex- 
tensive preparatory coursework. Students in pri- 
vate high schools who have greater access to col- 
lege preparatory cui.Hcula, including advanced 
mathematics and science courses, than do students 
in public high schools, tend to choose mathe- 
matics and science majors in larger proportions. 
The poor quality of mathematics and science cur- 
ricula in many inner-city high schools has been 
found to be a contributing factor to the low rate 
of selection of science and mathematics majors 
among minorities. It has been found that a higher 
percentage of black students from predominantly 
white high schools choose mathematics-based 
majors than blacks from predominantly black 
high schools.'^ In a study of 474 juniors and 
seniors at Wayne State University, where or ^^fifth 
of the students are black, it was found thai:'' 

Over 70 percent of the white science majors fdt 
their high schcol training was adequate while less 

''Alexander . Astin, Minorities in American Higher Education: 
Recent Trends, Current Prospects k Recommendations (San Fran- 
cisco, CA: )ostey-BaM, Inc., 1982), p. 180. 

'^Thomas, op. cit., p. 8. 

''Maureen A. Sic, et al., "Minority Groups and Science Caiv^," 
Integrate Education, vol. 16, May-June 1978, pp. 4445; quoteo ^ 
Meyer Weinber^g, 77ie Search for Quality Integrated Education: Pot' 
icy and Research on Minority Students in Sd^ool and C(^Iege (WcM- 
port, CT: Greenwood PreM, 1983), p. 288. 
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than 50 percent of the black science majors did. 
Sie and her colleagues found that a number of 
blade students had taken advantage of special op- 
portunities in secondary school: Of the twenty- 
four black science majors, thirteen went to Cass 
Technical High School where science is em- 
phasized. 

Because of the high*level of preparation re- 
quired for the sciences many minorities opt for 
other fields of study. Astin s study revealed that 
with the possible exception of Puerto Ricans, dur- 
ing their senior year in high school minority stu- 
dents already show a strong preference for an edu- 
cation major and a tendency to avoid majors in 
die i^ysical sciences and mathematics and in engi- 
neering. This was attributed in part to the stu- 
dents relatively poor academic preparation at the 
secondary school level.^ Sue Qiipman and Veron- 
ica Thomas report that "a survey of high school 
students who were seniors in 1P80 indicated that 
black, Hispanic, and Native American students 
were only about half as likely to have taken ad- 
vanced math courses as white students, whereas 
Asian-American students were about twice as 
likely to have done so."" 

The educational level of the minority student s 
parents plays an important role in determining 
whether the student will be enrolled in an engi- 
neering or sci'^nce curriculum. Students whose 
parents have obtained college or graduate degrees 
are more often enrolled in quantitative majors 
than are students who have less well-educated par- 
ents. Sue Berryman found that "being second gen- 
eration college not oiily increases but also equal- 
izes, the choices of quantitative majors across 
white, black, American Indian, Chicano and 
Puerto Rican college freshmen."-* (Asian-Ameri- 
can students select quantitative majors at much 
higher rates than any other group whether their 
parents have a coUege education or not.) College- 
educated parents apparently tend to assume their 
duldren will also att^d college, and therefore en- 
courage them to enroll in the required prepara- 

**Astin, op. cit., pp. 73-74. 

''Susan F. Qiipman and Veronica G. Thomas, "The Participa- 
tion of Women and Minoritiei in Makhematica], Scientific, and T«ch- 
ntcal Bekk/' commitiiomd by the Committee on Reiearch in Math- 
cmilki, Sdenoe, and Technology Education of the National Research 
Council Conuntition on Behavioral and Social Scie ices and Edu- 
cation, September 1984, p. 49. 

^Berryman, 1985, op. cit., p. 17. 



tory courses. College-educated parents also ap- 
pear to be better informed about the importance 
of pre-college training, and expose their children 
to a greater variety of career options. 

The financial resources available to the minor- 
ity college student play an important role in de- 
termining academic success and attrition rates. 
Minority students typically experience difficulty 
in financing uncfeigraduate study. They must rely 
more on scholarship, work-study, and loan pro- 
grams in contrast to nonminority students, who 
receive greater family support. In 1975, black and 
Hispanic college-bound high school seniors esti- 
mated that their parents would contribute about 
$200 a year toward college expenses, while the 
median figure for whites was over $1,100. That 
same year minority students comprised one-third 
of the persons assisted through the major U.S. Of- 
fice of Education aid programs. Upon graduation 
from college, immediate emplcjonent opportuni- 
ties may appear more rewarding than advanced 
study in view of the prospect of further financial 
difficulties, the academic risk of graduate study 
(about half of all doctoral candidates fail to com- 
plete Ph.D. degrees), and labor market uncertain- 
ties.^* Associated with these financial difficulties 
are the problems of the working student in gen- 
eral. If a student must hold down a full-time job 
while in college he or she is less likely to com- 
plete his or her baccalaureate.^^ 

Factors such as poor academic preparedness 
and inadequate financial support provide a sur- 
face-level explanation of why minorities tend to 
participate at lower rates in higher education in 
general, and science and engineering in particu- 
lar. Underlying these factors are the deeper issues 
of culture and social class. Sue Berryman describes 
the importar-^e of these factors as follows:^^ 

Racial and ethnic differences in mat* *matical 
achievement thac we observe at grade 9 appear 

"National Board on Graduate Education, Minority Croup Par- 
ticipation in Graduate Education (Washington, DC: National Acad- 
emy of Sciences, 1976), p. 8 
Astin, op. cit., p. 109. 

"Berryman, 1985, op. cit., pp. 14-17, the studies ated by Berry- 
man to support her conclusions are the following: 

• j. D. Coleman ct al.. Equality of Educational Opportunity 
(Washington, DC: U.S. Department of Health, Education, and 
Welfare, 1966). 

• R.H. Dave, "The Identification and Measurement of Environ- 
mental Prov?$s ^'ariables That Are Related to Educational 
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at grade 1, [with] blacks, Chicanos, and Puerto 
Ricans starting school wiih mean scores on ver- 
bal and non-verbal tests of achievement below the 
national white average. 

Two momentous factors contribute to the rela- 
tionship between ethnicity and mathematical per- 
formance at each educational stage: culture and 
social class. Both affect family behavior patterns 
which in turn powerfully affect children's school 
performances. 

A study of verbal, reasoning, numeric and spa- 
tial achievements among Puerto Rican, Jewish, 
Qiinese, and black children at grade 1 ^ows clear 
racial and ethnic differences in the patterns of 
these abilities and subsequent studies suggest that 
ethnic differences in ability patterns at grade 1 
persist through elementary and secondary school. 
More important, although social class has impor- 
tant effects on the /eve/ of abilities of each group, 
it does not alter the basic pattern of abilities asso- 
ciated with each group. 

At the same time, the study shows that middle- 
class children from the various ethnic groups re 
semble each other to a greater extent than scores 
of the lower-class children from the different 
groups .... Social class has a particularly pro- 
found effect on the performance of black children, 
lower class status depressing performance more 
for these children than for children from tlie lower 
classes of other ethnic groups. 

Social class seems to be a proxy for family char- 
acteristics that affect school achievement. For ex- 
ample, an American study showed that charac- 
teristics such as the family's press for achievement, 
language models in the home, academic guidance 



Adueveinent/' University of Chicago, unpublished doctoral dis- 
lertation, 1963. 

• R.L. Flau^, Project Access Research Report No. ZZ—Pattems 
of Test Performance by High School Students of Four Ethnic 
Identities, Research Bulletin RB-71-25 (Princeton, NJ: Educa- 
tional Testing Service, 1971). 

• C. Jencks, et al., Inequah'ty—A Reassessment of the Effect of 
Family and Schooling in America (New York: Basic Books, 
1972). 

• G.S. Lester, "Cultural Differences in Learning and Thinking 
Styles," Individuality in Learning, S. Mettick {ed.) (San Fran- 
cisco, CA: lossey-Bass, Inc., 1976). 

• G.S. Lesser, et al.. Mental Abilities of Children From Differ- 
ent Sodal-Oass and Cultural Croups, Monographs of Society 
for Research in Child Development, Serial No. 102, vol. 30, 
No. 4, 1965. 

• K. ^4a^joribanks, Ethnic Families atid Children's Achievements 
(Sydney: George Allen k Unwin, 1979). 

• K. Marjoribanks, Families and Their Learning Environments 
(London: Routlcdge and Kegan Paul, 1979). 
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provided by the home, indoor and outdoor activ- 
ities of the family, intellectuality in the home- 
as represented by the nature and quality of toys, 
games and hobbies available to the child, and 
work habits in the family together correlated at 
0.80 with children's achievement scores. 

An analysis of 1972 data on blacks' choice of 
and persistence in a science major fotmd that fam- 
ily socioeconomic status affects blacks' choice of 
a science major. Higher family socioeconomic sta- 
tus increased the rate oa choosing science majors, 
the effect operating by increasing the mother s 
educational aspirations for the student and the 
student's high school mathematical achievement. 
When white and black students were equated on 
the intervening variables, blacks had a higher 
probability of choosing a science major than 
whites [emphasis in the original]. 

Sue Chipman and Veronica Thomas find that 
'lower educational and career aspirations asso- 
ciated with lower socio-economic status may un- 
dermine minority students perception of the util- 
ity of mathematics . . . /'She adds that it is "quite 
possible that minority students, again because of 
their socio-economic status, have still less knowl- 
edge of the relationship between mathematics and 
particular occupational goals than do students in 
general."*^ 

Betty Vetter reports on a study carried out by 
the National Opinion Research Center in 1980 for 
the Departments of Defense and Labor.^^ It iden- 
tified a nationally representative sample of nearly 
12,000 16- to 23-year old men and women, and 
administered to this group the Armed Forces 
Qualification Test (AFQT), a general measure of 
trainability and enlistment eligibili^' for ihe armed 
forces. The test showed that youths from higher 
socioeconomic groups scored higher than those 
from lower socioeconomic groups; that white 
youths generally did better than black or Hispanic 
youths; but the strongest single predictor of both 
the AFQT score and reading ability was the 
mother's educational level. Later analyses sug- 
gested that the measured correlation of mother's 
education with test performaiKe approximated the 



^'Chipman and Thomas, op. cit., p. 50. 

'^Betty M. Vetter, "The Emerging C)emographics^Effect on Na- 
tional Policy in Education and on a Changing Workforce/' contractor 
report prepared for the U.S. Congr^^^, Office of Technology Atmt- 
meni, May-June 1985, p. 50. 
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combined measured correlation of the four vari- 
ables usually used to determine socioeconomic 
status: mother's education, father's education, 
average family income, and father's occupational 
status. 

The differences were substantial. Youth whose 
mothers had completed eighth grade or less scored 
in the 29th percentile on the tests. Those whose 
mothers had completed high school had an aver- 
age percentile score of 54. Those whose mothers 
were college graduates or more averaged 71. 

The effect of socioecononuc status or dass on 
minorities' persistence in the science and engineer- 
ing educational pipeline is a cause for optimism 
among some, pessimism among others. Sue Ber- 
rjonan paints the optimistic picture:** 

In the short run, specially designed interven- 
tions can increase minority shares of quantitative 
degrees by targeting those who have the capaci- 
ties to respond to these interventions, but who, 
in their absence, would probably not pursue a 
quantitative training program and career. In the 
long run, the trends favor increased minority 
represenution in the quantitative fields. The 
growing number of second generation black and 
Hi^Mmic college students will be an important fac- 
tor in increasing the representation of these groups 
in the nation's scientific and engineering labor 
force. 

Betty Vetter makes the more pessimistic case. 
She points out that 44 percent of all black house- 
holds and 23 percent of Hispanic households are 
headed by single women. Nearly 72 percent of all 
black families and 46 percent of Hispanic families 
with incomes below the poverty level were main- 
tained by single women. Seventy percent of all 
black children are being brought up in poverty. 
She concludes that:** 

We can anticipate an increasing school drop- 
out rate among Hispanic and black children, 
growing up with young, single mothers who, be- 
cause they have too little education themselves, 
are unlikely to be able to provide the incentives 
that may be required to keep their children in 
school and learning .... If present trends con- 
tinue, we can anticipate that more of [the baby 
boom echo group] will drop out of school or out 



^Bcrrynun, 198S, op. dt., p. 4. 
*^«tt«r, 1985, op. dt, p 7. 



of math and science classes at earlier stages, and 
far fewer of them will obtain the educational prep- 
aration required for professional participation in 
quantitative fields. 

In reality, both pictures may be true. An in- 
creasing r.umber of minority students with middle 
chis, college-educated parents, will undoubtedly 
eru-oll in higher education and major in science 
and engineering. However, an even larger num- 
ber of black and Hispanic students from poor, 
single-parent households will find a college edu- 
cation and a science or engineering career difficult 
to achieve due to poor academic preparedness. 

Differential Treatment 
in the Woric Force 

As was the case for women, minorities have a 
somewhat different experience from that of whites 
in the science and engineering work force. Recent 
NSF data" indicate that unemployment rates 
among black and Asian-American scientists and 
engineers were significantly higher than those of 
whites: 4.6 and 3.3 percent, respectively, versus 
2.1 percent for whites. The unemployment rate 
for Hispartic scientists and engineers, by contrast, 
was about the same as that of whites, while Na- 
tive American scientists and engineers had sub- 
stantially lower unemplojonent rates. Black, 
Hispanic and Native American scientists and 
engineers were somewhat less likely than whites 
to be employed in science and engineering (81 to 
83 percent versus 87 percent). Asian- American 
scientists and engineers were somewhat more 
likely (90 percent) to be so employed. 

Blacks and Hispanics reported significantly 
lower salaries than whites in science and engineer- 
ing. The average salary for whites in all science 
and engineering fields was $34,200; that for blacks 
$30,100; and that for Hispanics $31,500. The sal- 
ary difiierentials varied from lows of $500 between 
white and Hispanic en viiorunental scientists and 
$900 between white and black computer special- 
ists, to highc of $9,800 between white and His- 
panic mathematical scientists, and $7,000 between 
white and black environmental scientists. Asian 
and Native American scientists and engineers re- 

^WomenMndMinorititsm Science Engineering, op. dt., pp. 
viii, ix, 20-24. 
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ported salaries almost identical to those of their 
white counterparts 

Despite these differences in salaries and unem- 
ployment rates, analysts consulted by OTA did 



not report strong evidence for discrimination In 
the work force against minority scientists and 
engineers. 



EFFECTIVENESS OF PROGRAMS TO PROMOTE PARTICIPATION 



As shown in the preceding sections, many of 
the factors that inhibit participation in science and 
engineering by women and minorities are related 
to pre-coUege experience, both academic and 
nonacademic. These factors include overall poor 
academic preparedness (for blacks and other mi- 
nouties); lack of exposure to the needed science 
and mathematics sequence (for minorities and 
women); socialization factors that underempha- 
size the desirability or appropriateness of a scien- 
tific or engineering career (especially for women); 
poverty and inadequate financial resources (espe- 
cially for minorities); and family characteristics 
that affect school achievement. To some degree, 
it appears that these early factors can be over- 
come, or at least compe*isated for, by special pro- 
grams designed to facilitate access to science and 
engineering education for disadvantaged cultural 
groups. 

In 1983 the Office of Opportunities in Science 
of the American Association for the Advancement 
of Science (AAAS) conducted an "assessment of 
programs that facilitate increased access and 
achievement of females and minorities in K-12 
mathematics and science education" for NSF.*^ 
The assessment was based on a survey question- 
naire to the directors of more than 400 pre<olIege 
intervention programs for women and minorities, 
and site visits to more than 50 exemplary projects 
in different regions of the United States. Time and 
budget limitations precluded AAAS from carry- 
ing out formal evaluations of the programs it sur- 
veyed, but the results of such evaluations, where 
they had been performed independently, were re- 
quested from program dire'^tors in the survey. 



^^Shirley M. hitlcom, et al., Equity Mnd Exctlltnct: Compatible 
Caali (Waihinfton, DC: American Auodation for the Advance- 
ment of Science, December 1934). 



AAAS found that "the primary feature of suc- 
cessful programs for minorities and females seems 
to be that they involve the students in the 'doing' 
of science and mathematics and convey a sense 
of their utility." Such "exemplary programs" are 
"sensitive to die group or groups (hey are intended 
to serve and address these audiences' fundamen- 
tal needs for academic enrichment and career in- 
formation:** 

Exemplary programs for minorities recognize 
the deficiencies in performance many students are 
likely to have and stress rigorous academic prep- 
aration in mathematics, science and communica- 
tions .... Projects for females focus heavily on 
career awareness— on the utility of mathematics 
and science to whatever they might want to do. 
Young wom^n are encouraged to take all the 
courses available to them in high school. They are 
shown models of science and engineeiing profes- 
sionals and students who "are making it" in these 
fields. 

In general, AAAS found that these programs 
"have demonstrated that there are no inherent 
barriers to the successful participation of women 
and minorities in science or mathematics," if these 
groups are provided with "early, excellent, and 
sustained instruction in these academic areas." 
AAAS also found that:*^ 

Successful intervention programs are those that 
ha^ e strong leadership, highly trained and highly 
committed teachers, parent support and involve- 
ment, dearly defined goals, adequate resources, 
follow-up and evaluation. For the positive effects 
to be sustained, these programs must eventually 
be institutionalized, that is, made part of the 
educational system .... 

Scientists and engineers from the af.ected 
groups must be involved in the plaxming as well 
as in the implementation of projects .... 

^•Ibid., pp. vii-vill. 
"Ibid., p. vlii. 
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Intervention programs must begin early and 
must be long-term in nature; "one-time" or short- 
term efforts do have a place for motivational, in- 
formational, supplemental or transitional purposes. 

AAAS reported on a number of specific inter- 
vention programs that could document their suc- 
cess. An evaluation of the Mathnnatics, Engineer- 
ing, Science Adiievemcnt (hdESA) Prog^ of the 
Lawrence Hall of Science in Berkeley, CA, which 
includes 16 centers, 131 high schools and about 
3,400 students, found that:*^ 

Of recent MESA graduates, 90 percent have at- 
tended a college or university and approximately 
66 percent have pursued a math-based field of 
study. MESA seniors performed significantly 
higher than college-bound seniors of similar ra- 
cial/ethnic backgrounds across the nation. MESA 
seniors at sam^ded schools did not differ signifi- 
cantly on SAT performance from the total popu- 
lation of college-bound seniors .... despite the 
fact that the sampled schools were among the 
lowest-achieving schools in the state. 

The Sununer Science Enrichment Program at 
Atlanta University provides summer instruction 
in mathematics, science, and conrnnunication to 
high school juniors, most of whom are black. All 
338 of the students who have participated in this 
program since its inception in 1979 have gone on 
to college, and 95 percent of them have majored 
in a quantitative field. It should be noted that this 
program selects students with demonstrated in- 
terest and performance in science and mathe- 
matics. 

The Philadelphia Regional Introduction for Mi- 
norities to Engineering (PRIME) is a consortium 
of more than 34 businesses, 14 government and 
civic organizations, and 7 universities and pub- 
lic schools which has operated in the Philadelphia 
area for more than 9 years. It is a supplementary 

••Ibid., p. 56. 



program in science and mathematics which be- 
gins in seventh grade and takes students through 
high school. Of the more than 820 high school 
seniors who have graduated from this program 
since 1977, more than 60 percent have chosen 
careers in engineering and/or technology. In addi- 
tion, the number of minority students in the Phil- 
adelphia area enrolled in academic-track high 
school programs has tripled during the years of 
operation of the PRIME project, with onethird 
of those students in the PRIME project. 

The Professional Development Program (PDP) 
of the University of California, Berkeley, is a 
faculty-sponsored program which recruits sopho- 
mores from 45 public and private high schools in 
eight districts to participate in q)ecial summer aca- 
demic programs and Saturday classes during the 
school year. Over 60 percent of the students are 
women, and 75 percent are blade or Hispanic. Of 
the 421 students from 60 local schools diat have 
completed the program, "90 percent have gone 
on to college and a substantial number are in 
quantitative fields."" The average SAT mathe 
matics scores of the 1981-82 PDP senior class was 
598. 

These projects illustrate the general point made 
by AAAS that intervention programs at the pre- 
college level can be effective in increasing tfie par- 
ticipation of women and minorities in science and 
engineering education. A far more systematic and 
thorough evaluation would be required to docu- 
ment the extent to which changes observed can 
be reliably attributed to the effects of the programs 
themselves. It should be noted that participation 
in these programs is voluntary, so those aFected 
by the programs tend to be students who are al- 
ready somewhat motivated toward science and 
engineering. 



"Ibid., p. 56. 



POLICY IMPLICATIONS 



The AAAS report on Equity and Excellence: 
Compatible Coals, cited above, states that "the 
magnitude and complexity of the problem" of 
equality of access to scientific and engineering 
careers requires "a large and continuing effort that 



specifically targets large sectors of our society 
. . . ." The NSF Authorization Act of 1981, Sec- 
tion 35(a), required the President to submit to 
Congress, by January 29, 1982, a report "propos- 
ing a comprehensive national poUcy and program. 



ERLC 



-J - ^ 

.1 



129 



including budgetary and legislative recommenda- 
tions, for the promotion of equal opportunity for 
women and minorities in science and technology." 
That report has neither been prepared nor trans- 
mitted to Congress. Therefore, there is, at this 
writing, no national policy or program to pro 
mote equ^l opportunity in science and engineer- 
ing for women and minorities. 

The Director of NSF did submit a report to 
Congress on December 15, 1981, in conformity 
with Section 34(b) of the 1981 NSF Authorization 
Act which required "a report proposing a com- 
prehensive and continuing program at the Foun- 
dation to promote the full participation of minor- 
ities in science and technology." However the 
report contained neither budgetary nor legislative 
recommendations as required by the Act, and 
contained little more than restatement of existing 
policies and programs." In fact the report at- 
tempted to rationalize budget cu^s in a number 
of programs that were created in the 1970s, in- 
cluding the Minority Institutions Science Impro\'e- 
ment Program (MISIP), the Resource Centers for 
Science and Eng^neering Program (RCSF), the Stu- 
dent Science Training (SST) Program, the Oppor- 
tunities for Women in Science Program (OWS), 
and the Visiting Professorships for Women Pro- 
gram (VPW). 

In the absence of executive branch leadership 
in this area, the AAAS study recommended that 
the following steps be taken by the Federal Gov- 
ernment:" 

Federal support for programs to impr -ve the 
quality of pre-college education in science, math- 
ematics, and technology should require that 
proposals specifically address themselves to plans 
for serving women, minority, and disabled stu- 
dent populations. 

Federally supported programs for teacher train- 
ing and retraining should require that teaching 
methods and career and equity aspects be in- 
cluded, along with a rigorous focus on improving 
competence in subject content. 

The Federal Government should support dis- 
semination of models previously shown to be 



"National Science Foundation, "Proposals of the National Science 
Foundation to Promote the Full Participation of Minorities and 
Women in Science and Engineering, " typescript, December 1981. 

^'Malcom. op. cit., p. 30 



effective in improving science and mathematics 
education for women and minorities, including 
technical assistance on management and evalua- 
tion systems .... 

.... previously supported programs that had 
a strong positive educational impact on women 
and minorities should be reexamined for possible 
reinstitution. Of particular interest in this regard 
are the RCSE and SST programs. 

In order to better understand the policy impli- 
cations of the problems experienced by women 
and minorities related to participation in science 
and engineering education, OTA sponsored a 
panel discussion among experts'^ in this area on 
July 2, 1985. The findings of the panel are pre- 
sented below: 

Issue 1 — Keeping Options Open 

1. The self-perception of women and n^norities 
of their i-.ability to succeed in science and 
mathematics courses is frequently reinforced 
by the system's p^^^ception of their inability 
to do science and ^engineering. 

2. Opportunities should be provided for this 
population to experience success in science 
and mathematics courses prior to grade 9 as 
well as opportimities for them to perceive the 
variety of career options and lifestyles that 
are based on these disciplines. 

3. The Federal Government should support im- 
provements in the training of junior high 
school science and mathematics teachers, the 
development of counseling programs involv- 
ing teachers and parents and the identifica- 
tion and funding of model programs which 
enhance the self-perception of students. 

4. Tests should be developed that are better in- 
dicators of the potential of women and mi- 
norities to succeed in science and mathe- 
matics careers. 

Issue 2 — Reducing Attrition 

1. The graduate student pipeline should be en- 
larged by providing long-term support for 
promising minority and women students 
who are satisfactorily progressing toward the 



''The panel consisted of Lloyd Cooke, Michael Crowley, Maria 
Hardy, Shirley Malcom, Shirley McBay, Denis Paul, Willie Pear- 
son, Luther Williams, Allan Hoffman, and Jerrier Haddad. 
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Ph D. degree in science and engineering with 
identificition and support beginning at the 
junior year in college. 

2. The circumstances which lead to the success 
of women and minority students in science 
and engineering should be studied, and the 
knowledge obtained applied to improving 
the retention of i ?ss successful students. 

3. Opportunities for early experience in re- 
search should be provided for minority and 
women students beginning at the undergrad- 
uate level. Existing efforts at the graduate 
level should be strengthened. 

4. The Federal Government should disseminate 
and encourage programs and operating ren- 
ditions which demonstrably facilitate thi 
retention of women and minorities in science 
and engineering. 

5. Federal Government affirmative action 
guidelines for recipients of Federal funds 



should be extended to protect against the fol- 
lowing: 

* sexual harassment of women students, and 

• bias of some foreign professors whose cul- 
tures hold women in low status. 

In addition to the above optior^ lOr increasing 
the pool size and reducing attrition, it is probable 
that further gains might be realized if more were 
known about how different minority subgroups 
respond to different options. For example, differ- 
ences may exist: 

• for blacks, American Indians, and Hispanics; 

• within the various Hispanic subgroups (e.g., 
Chicanos, Puerto Ricans, and Cubans); and 

• for minority and nonminority women. 

This suggests the need for support of studies on 
this issue. Further suggestions are provided in ap- 
pendix B. 



ERLC 



1 - - 
-. . » I 



Appendix A 

The Education and Utilization of 
Biomedical Research Personnel 



Introduction 

As a nation, we spend $300 billion per year on 
health care, or 10 percent of the gross national prod- 
uct (GNP). National attention to biomedical lesearch 
and its potential for health benefit has been consist- 
ently strong since Wo/ld War II, driven by the hope 
that science will provide us with longer and healthier 
lives. 

These early beginnings lead to a relatively high level 
of federal support for both research and training in 
the biomedical sciences in comparison to other dis- 
ciplines. The Government, through the National In- 
stitutes of Health (NIH), made an early commitment 
to the training of biojfiedical research personnel 
through the establishment of the NIH training and fel- 
lowship programs. In adaition. Congress has ensured 
a substantial and consistent level of support for bio- 
medical research througn favorable appropriations to 
NIH, the parent agency for federally fimded biomedi- 
cal research progran«. As a result of this two-pronged 
Federal approach to the biomedical sciences through 
support of both research and training programs, the 
biomedical research field has suffered few of the criti- 
cal personnel shortages and/ or surpluses found in 
other scientific disciplines. It is, therefore, worth exam- 
ini ig the Federal program for training and support- 
ing biomedical research persoiinel in some depth. It 
is an example of a continuous and mostly successful 
Federal personnel policy in an important scientific 
field. 

Basic Biomedical Research Personnel 
[Ph.D.s] 

Training 

The higher education training system in basic bio- 
medical research consists of at least two, and often 
thiee, stages. Virtually all biomedical scientists obtain 
a doctorate, although exceptions do exist. In addition, 
the Institute of Medicine (lOM) estimates that 60 per- 
cent of Ph.D. recipients in the basic biomedical sciences 
go on to postdoctoral appointments. Postdoctoral ap- 
pointments are considered by som^ ♦o be a holding 
pool for the Ph.D. population in < -ch of employ- 
ment. Recently, it has been suggestec at postdoctoral 
training is also an essential educational experience for 



the biomedical scientist, and essential to success a& an 
independent investigator.^ Rapidly developing areas 
of research, it is arc^^ed, require more intensive and 
extensive training. 

lOM estimates that the postdoctoral population 
with doctorates from b.S. universities 30 percent arc 
women and 10 percent hold foreign citizenship.^ For- 
eign scientists have comprised approximately one-third 
of the total population of biomedical postdoctoral ap- 
pointees since 1975. 

The typical biomedical researcher spend*^ 4 years in 
undergraduate work, 5 to 7 years in graduate school 
to receive the Ph.D., ai. 2 to 4 years in a postdoc- 
toral appointment. Figur>? A-1 illustrates the doctoral 
training system in the biomedical sciences. 

Figure A-2 shows the distribution of primary sources 
of support fo! graduate students enrolled in Ph.D.- 
graiiting biomedical science departments, in 197G and 
1981. In addition to Federal sources of support, bio- 
medical science students rely on teaching assistantships 
and self-support. NIH is the major source of suppoil 
for postdoctoral training in clinical research, supply- 
ing nearly 90 percent of all training funds.^ The Na- 
tional Science Foundation (NSF) provides for approx- 
imately 45 predoctoral fellowships per year in the 
biomedical sciences.* 

It is only in the past 12 years that Federa' programs 
for biomedical research training have been centralized. 
In 1973, the Nbcon Administration proposed phasing 
out all training grant and fellowship programs of NH; 
the Alcohol, Drug Abuse, and Mental Health Admin- 
istration ( ADAMHA); and the Health Resources Ad- 
ministration (HRA). Congress responded, in 1974, by 
passing the National Research Service Award (NRSA) 
Act (Title I, Public Law 93-346) that consolidated pre- 
vious research training authorities under the Public 
Health S' /ice Act. The NRSA Act is the only exist- 
ing authority under which NIH supports training for 
biomedical and behavioral research careers. Threats 
to the NRSA f ogram have appeared in every admin- 

>lnstitutc of Medicine, Personnel Needs and Training for Biomedh 
cal and Behavioral Research: 1933 Report (Washington, DC: Na- 
tional Academy Press, 1983) 

'Ibid,, p. 61. 

^Thomas E, Malonc, "Assuring the Supply Clinical Invefti^ji- 
tors" (typescnpt). National Institutes of Health, 1981. 

^Personal communication with Terence Porter, Science and Engi- 
neering Education, National Saence Foundation, March 1985. 
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istntion budget between 1978 and 1985 only to be 
rriieved by Congress. 

NIH devotes 10 percent of MRS A appropriations to 
qiedal programs in minority access, tbeMedjk:alSden- 
tlstf program leading to a combination M.D./Ph.D. 
degree^ and short-term training programs in medical 
schools. Predoctoral training accounts for 35 percent 
of die NIH NRSA program. The program's major em- 
phasis, however, is on postdoctoral training, which 
receives 55 percent of NRSA funds in the belief that 
changing national needs can be most quickly met by 
a laige and well-trained posh'' <:toral pool. 

Funds are awarded for imductoral and postdoctoral 
•Upends throu^ a system of individual fellowships 
and institutional training grants. Institutional training 
grants must survive peer r&vi^ in national competi- 
tion, and require a substanti^u commitment on the part 
of die institution to share in the maintenance a train- 
ing environment. They afie limited to those institutions 
vvith the tradition and history of producing high- 
quality investigators and the finaxKaal resources to ac- 
cept the necessary cost-sharing burden. Institutional 
training grants provide the program director with a 
number of full-time training positions. Individual fel- 
lowship awards, on the other hand, allow the appli- 
omts to develop a research training project under the 



supervision of a sponsor. The individual fellow tends 
^o be furth*"* aloiig in the training process than the in- 
stitutional fellow (i.e., at the postdoctoral level). In 
1985, the average annual stipend for the predoctoral 
%Ilowship Is $&,552; the range for postdoctoral awards 
is $16,000 to 20.000 p-r year. 

By 1971, NIh craining grants and fellowships sup- 
ported or assisted 37.3 percent of the Nation's full-time 
^adv2 ' students in the medical sciences and 1 per- 
cent in tne liie sciences.' Between 1961 and 1972, NIH 
programs furnished financial assistance throu^ fel- 
lowships and institutional training grants to moi« than 
30,000 graduate (predoctoral) students in the health- 
related disciplines. In addition, more than 27,000 
biomedical scientists received postdoctoral support 
t^-ou£h NIH programs.* Since 1972, individual awards 
fo* predoctoral students have been eliminated and the 
nuir Vrs of predoctorak on training grants have been 
reduced. Between fiscal years 1969 and 1980, the num- 
ber of predoctoral students receiving NIH support 
dropped by about 50 percent (see figure A-3). Never- 
theless between 1973 and 1983, more than one out 

"Mall A op. dt. 

•Nttiond Research Coundl, Office of Scientific and Engineering 
PcTMnnc], Survey of Euned Doctonta, 1920S1. 
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Figure A-2.— Distribution of Primary Sources of 
Support for Graduate Students Enroiied in 
Ph.D.-Granting Biomedicai Science 
Departments, 1975 and 1981 
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SOURCE Nat(c-ai Science Foundt.ion. Survey of Graduate Science Students 
and Postdo:toraia Computerized Data File Washington DC 1973 83 



Figure A-3.— Number of Predoctorat Trainees and 
Fellows Supported by NIH, Fiscal Years 1967-80 

lO.OOOf ■ 




2,000 ^^^^^^^^^^^^^^^^^^^^^H_ 
1 .OOO^^^^^^^^^^^^H^^^^^^^^^H 

67 68 09 70 71 72 73 74 75 78 77 78 79 80 

Fiscal year 

SOURCE lOM Report on Career Achievements. 1984 

of every three Ph.D. recipients in health-related fields 
had received some NIH training support while in grad- 
uate school/ 

Allocation of Resources Between Predoctoral 
and Postdoctoral Trahiing 

The tradition of postdoctoral training in the bio- 
iTw^'ical sciences is a long one, possibly oecause NIH 
training programs are the oldest of their Kind. The bio- 
medical research system shows great sensitivity to the 
supply and demand for individuals in both groups. 
The amount of support available for postdoctoral v. 
predoctoral training has a definite effect on the sup- 



'Institute of Mcdicmc. Report of a Study The Caretr Achieve^ 
ments of NIH Predoctoral Trainees and Fellows (Washington^ DC: 
National Academy Press. 1984) 



ply of manpower in the biomedical sciences. Starting 
in the early 1970s through 1981, the number of post- 
doctoral appointments increased 9 percent per year.' 
(See figure A-4.) During this same period, Ph.D pro- 
duction was fairly constant. Most of the postdoctoral 
expansion has occurred in medical schools, which em- 
fioy 65 percent of the postdoctoral scientists in bio- 
medical sciences. In fact, most of the growth has been 
in the 20 largest universities.* 

Steady growth in the postdoctoral population may 
be a combined result of an increase in the numbers of 
new Ph.D. recipients and an increase in the length of 
time spent in postdoctoral appointments. lOM believes 
dut the prolongation of apprenticeship has been a ma- 

*IiitHtute of Medicine, Personnel Needs (Washington, DC: Na- 
tional Academy Prtss, 1983). 

*Natjonai Science Foundation, Aoidemic Science. RAD Funds 
Stirve>> of Science Resource Series (Washington, DC: 
U.S. Gover^jnent Printing Office (annual)). 



Figure Estimated Growth in the Numbers of 
Ph.0. Awards, Academic Postdoctoral Appointments, 
. and First-Year Postdoctoral Apppointments in the 
Biomedical Sciences, 1973-81 
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jor factor in the expansion of the postdoctoral pool 
in the biomedical sciences. " The reason for the ex- 
tension of postdoctoral training is not clear. A 1976 
survey revealed that more than 40 percent of the post- 
doctoral had extended their appointments because 
they were unable to find a desirable position." In 1981, 
the last year for which data was available, the National 
Research Council estimated that the postdoctoral 
group constituted 18 percent of the full-time equiva- 
lent bioscience research personnel in Ph.D.-granting 
universities." 

A particularly unique system of assessment and 
feedback in the area of biomedical and behavioral re- 
search personnel needs was established through law 
in 1974 when Conf^ress passed the NRSA Act. This 
Act mandated that the National Academy of Sciences: 
. . . esUblisn (A) the Nation's overall need for biomedi- 
ca. and behavioral research personnel (B) the subject 
areas in which such personnd are needed and the num- 
ber of such personnd in each such area, and (C) the 
kinds and extent of training which should be provided 
such personnel." 
In 1975, the committee on a study of National Needs 
for Biomedical and Behavioral Research Personnd was 
formed under the aegis of the Commission on Human 
Resources, and later transferred to lOM. During its 
first 9 years, the committee published seven reports 
projecting the near-term demand for research person- 
nd in biomedical and behavioral research. 

The potential influence of this committee is impres- 
sive, as it is mandated to make recommendations to 
the Federal Government on the size of federally sp>on- 
sored training programs for biomedical and behavioral 
scientists. It also makes recommendations for alloca- 
tion of traineeships between ppHoctoral and postdoc- 
toral students. To a large degree, the agencies have 
been responsive to these recommendations. The dis- 
crepancy between the level of support recommended 
by lOM and the actual funding level set by NIH has 
been small in recei.t years. Decisions regarding distri- 
bution of traineeships and fellowships, however, are 
left to the agency. 

In recent reports (1981 and 1983), the committee has 
recommended that the agencies change the allocation 
of training grants from predominantly predoctoral 
training to predominantly postdoctoral. This recom- 
mendation was made in response to the growth of the 

^^Institute of Medline, Personnel Needs, op. cit., p. 60. 

"P.E. Coggeshall, et al., "Changing Postdoctoral Career Patterns 
for Biomedical Scientists/' Saence. vol 202, Nov 3, 1976, pp 
487-493. 

"National Research Ccunal. Postdoctoral Appointments and Dis- 
appointments (Washington, DC: National Academy Press, 1981). 

"U.S. Congress, Title 1 of the National Research Act of i974 (Pub- 
lic Law 93-348). Section 473 
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predoctoral population that occurred in the 1970s. The 
higher leveb of Federal support for predoctoral train- 
ing rdative to levds of support for postdoctoral train- 
ing which occurred in the 1970s contributed, in part, 
to the current slight surplus of biomedical Ph.D.s. 

Harrison Shull, former Chairman of the Commis- 
sion on Human Resources of the ICational Academy 
of Sciences, bdieves that the agendes should use their 
abilily to shift funds quickly between {mdoctoral and 
postdoctoral support as a means of responding to a 
fluctuating job market. Postdoctoral funds can be in* 
creased wdien the supply of new Ph.D.s is high and 
demand is low; when st^ly is insuffknent to meet de- 
mand, funds can be shifted the other way, towards 
more predoctoral support. This "fine-tuning" mecha- 
nism can woric only the supfdy of traineesh^is is con- 
trolled and steady.*^ 

Demographks and Employment Outlooks 
for the Biomcdfcal Ph.D. 

The number of doctorate degrees awarded annually 
to biisdentists has been relattvdy constant since 1972. 
Bkisdence baccalaureate degrees have been declining 
since 1976, and bioscience graduate erxollments peaked 
in 1978. In the long term, the attrition rate from the 
active pool of researchers will increase in the 1990s as 
dw populatkm ages, creating more academic positions. 
If graduate sdiool enrollments continue to decline as 
the size of the colleg»-age popdation declines, there 
could be a small dedine of Ph.D. output in the late 
1980s and 1990s. If this decline does, in fact, occur, 
there could be a temporary shortage of biomedical re- 
seardi personnel in the next decade. 

The key factors influencing potential shortages or 
surpluses in this market are Federal funding for bio- 
medical researdi, and graduate and medkral school en- 
rollments. If Congress continues to appropriate a 
steady level of funding to NIH, then, in a sense, the 
demand is set. Should the Federal Government sud- 
denly increase or decrease its level of research support 
in the bkmiedical sciences, shortages or surpluses could 
occur. 

The total biomedk:al Ph.D. labor force approached 
70,000 in 1981. Half of these individual were em- 
pk>ycd in academk institutions whose population has 
been growing at a rate of 4 percent per year. Employ- 
ment in the industrial sector has been growing at a rate 
of 8.5 percent and self-«mployment at a rate of 24.7 
percent (see table /.-I ). 

Next to academia, the indus rial sector is the sec- 
ond largest employer of biomedical scientists. Most 

*«Harriton ShuU, 'The Ph.D. Employment Cycle- -Damping the 
Sfvinfir The Abttofu/ Re$eu€h Council :n 197$: Cmtni Isnm 
mtdSiudkt (Wirfiinston, DC: National Academy of Sdmcci. 1978), 
pp. 149-163. 



biomedical Ph.D.s in industry are employed by 
ical and pharmaceutical manufacturers. Recently, the 
biotechnology industry has shown rapid growth, and 
it is possible that some areas of commercial biotech- 
nology may experience temporary shortages, as in- 
vestigators attempt to catch up with the latest devel- 
opments in a new field. A collaborative survey of 
biotechnology firms conducted by lOM and <he Of- 
fice of Technology Assessment in 1983 revealed that 
one-third of the respondents had experienced short- 
ages in one or more q)ecialties. The three qwdalties 
most often cited were bioprocess enguieenng, recom- 
binant DNA molecular genetics, and gene synthesis." 

Emeiging fidds win experience tenqKtfary shortages 
of trained personnel as new researdi opportunities be- 
come available. It is the view of some that the post- 
doctoral pool will be the critical element iri ensuring 
an efficient and timely transition to steady-state siq>- 
ply, for postdoctorals are the most skilled in research 
methods and problem-solving and can most easily 
adapt to new concepts and new tools. 

Ctinicai Biomedical Research 
Personnei [IM.D.S] 

The application of scientific advances to maintain 
good health and prevent and treat disease is the goal 
of dinical, as opposed to basic biomedical research. 
For the purposes of this report, cliniral investigation 
includes research on: 1) patients or samples derived 
from patients as part or a study of the causes, media- 
nisms, diagnosis, tre: nent, prevention, and control 
of disease; or 2) research on animak by scientists iden- 
tifiable as clinical investigators on the basis of other 
work." 

In general, clinical investigation requires the partici- 
pation of an investigator trained in the dinical sdenoes 
and possessing a d^ree in medicine (M.D., D.V.M., 
D.D.M., D.O.}. It is usually conducted by physician- 
investigators working in a clinical department of a 
medical school or in a clinical division of an institute. 
In general, clinical research is applied research, in- 
tended to ameliorate disease in the near term. TnKb- 
tionally, it is the clinical researcher who applies the 
scientific and technological skills acquired through 
basic research to the vital task? of medicine. 

Both basic and clinical biomedical research penon- 
nel are critical to the biomedical research endeavor be- 
cause of the skills and perspectives they bring to their 



"U.S. Congieit, Office of Technology AaMttment, Commetdal 
Biotedmology: An InttnuitionMl Analym (Wathlngton, DC: U.S. 
Govenuncnt Printing Offke, January 1984). 

'•This definition it the one adapted by the Committee on Nalioi^ 
Needs for Biomcdica] and Behavioral Research Peffonnel of the In- 
ititute of Medicine, National Academy of Sdencct . 
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TaU* A-I.^Cumnt Trends in Supply/Demand Indicators for Blomadical Scianca Ph.D.a 



Fiscal year ^^^^ ^'^^^ Avera9e annual 

from 1975 to annual change from i975 to 



1975 1976 1977 i976 1979 i960 i96i {atest year Change latest year 

I. ki^lc^ift (mm tMtmts)' 

a. PH.D production 3.5l5 3.578 3.465 3.516 3 644 3 823 3 838 1 5% 0 4% 54 

b. Hrcm ol Ph D s wittKwt specific 
Miptoymtfit prospects at time of 

»«Ju^ 6 4% 6 3% 7 2% 6 0% 5 2% 4 8% 5 5% -2 4% 14 6% -0 2% 

€ PMtdoctoralappointmeflts 5.484 n/a 6 403 n/a 7 4i9 n/a 8.185 6 9% 5 0%* 450 

d. B.A. deoraes awarded 50.493 52.642 51 783 49.701 47 717 45 106 41.476 -3 2% -8 0% -1.503 



a. NittonJ expenditures for health* 



I WD (1972 $. Ml) $3 70 $3 81 $3 97 $4 13 $4 31 $4 48 $4 44 3 1% -0 9% $0 123 

b Biomedcal sdence UD 

•xpendiures m coMeges and 

universities (i972 $. biH ) 
€. NIN researcit grant expenditures 

(1972 $. bill.) 

d. Ph.D. taculty/student ratio^ 

i. Total 

b Academic (exctuding 

postdoctorates) 
€. Business 
d Government 

e. Hospftals/clinics 

f. Nonprofit 
g Setf-employed 

b. Ottier (including postdoctorates)^ 
I. Unemployed and seeking 



a. 

0 Mtdical and dental schools 
€. Esthntfed undergraduate^ 
d. Total biomedical graduate and 
undergraduate enroHment 



$1 19 


$1 26 


$1 27 


$1 34 


$1 35 


$1 43 


$1 49 


3 8% 


4 2% 


$0 05 


$0 897 


SO 944 


$1 00 


$1 06 


$1 17 


$1 20 


$1 19 


4 8% 


-0 8% 


$0 05 


0 058 


n/a 


C 056 


n/a 


0 063 


0 067 


n/a 


2 2% 


6 3% 


0 002 












(es! ) 










40.698 


n/a 


55 167 


n/a 


62 590 


n/a 


69.076 


5 3% 


5 1% 


5.063 


28 339 


n/a 


30 390 


n/a 


33.687 


n/a 


36.497 


4 3% 


4 1% 


1.360 


6.645 


n/a 


6 918 


n/a 


8.461 


n/a 


9.957 


7 0/fl 


8 5% 


552 


4.522 


n/a 


4.567 


fi/a 


5.075 


n/a 


^.40^ 


3 0% 


3 9«', 


147 


1.950 


n/a 


2.296 


n/a 


2 272 


n/a 


2.79 


6 2% 


1 3% 


141 


1.221 


n/a 


1 544 


n/a 


1.854 


n/a 


2 083 


9 3% 


6 0% 


144 


836 


n/a 


864 


n/a 


1 197 


n/a 


1.860 


14 3% 


?4 7% 


171 


6 667 


n/a 


8 642 


n/a 


8.899 


n/a 


9.644 


6 3% 


4 1% 


496 


518 


n/a 


810 


n/a 


690 


n/a 


631 


n/a 


9 7% 


52 


38.314 


39.3^2 


39.260 


43.787 


43.378 


42 969 


42 117 


1 6% 


-2 0% 


634 


74.222 


77.011 


79.279 


81,934 


84.761 


86 502 


86.254 


2 9% 


2 0% 


2 339 


424.539 


439.946 


425.863 


406.373 


374.869 


386.236 


n/a 


-1 9% 


3 0% 


-7.661 


537.075 


556.279 


S44.402 


532,094 


503.008 


515 707 


n/a 


-0 8% 


2 5% 


-4.r"i 



Hlin Mier tne dM art noi availaUe for 1980 lattst annual ctunge represents average gawth rate from 1979-81 

nSii^m'^^m^ * ^ * * ^ ^ "** ondefflraouate enrollments {V where (WSh - 1/6(5, + 25,-,+ 25,-? + 5,-3) 

U, - (^♦2^*2)C. -rtilje U, - biomedcal science undergraduate enrollment in year 1 a,+2 - t»«..*i^aJ sctence Dcccalaurate degroM awarded m ywr 1 + 2 (excludmg 
proWMne). 0,-2 - Wai taGcaiauraHe degrees awarded m year 1 + 2 C, - total undergraduate degree-credit enrollment m year 1 (excluding first prolessional) 
SOuaCE IMM of ModkirM. AmMtr WMtfr J/Kf rrarn/np /br ^gs3 p 52 



fvork. However, the training of, supply of, and de- 
mand for dimcal investigators present different issues 
than those of basic biomedical research personnel. 

Recndtlng and Retaining Physicians for 
Reaearch Careers 

It is the view of many in the medical profession that 
the dinlcal investigator is the critical link betvveen the 
laboratory bench and bedside. While the basic bio- 
medical scientist is well verMd ir. the processes and in- 
tricacies of individual biological subsystems, and may 
have better training in research methods and tech- 
niques, it is the clinician who sees die whole system 
and recognizes the dinkal manifestations of the under- 
lying disease process. Thus, research initiated by 
physidan-^vestigators tends to be more health- 
ffditcd, in general, than that of Ph.D. biomedical 
scientists 

In recent years, there has been concern that the 
country is facing an insuffkient supply of well-trained 
phyridan-researdiers, as fewer medical school grad- 
uates enter research careen and app^^ for research 
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funds. This prospect is of concern because of the ex- 
pense of allowing a prolonged lag time between the 
acquisition of knowledge and technologkral sldlls, and 
their application to medical care. 

Currently, NIH supports almost 90 percent of all 
postdoctoral training in clinical researdi. The number 
of physicians seeking research training has declined on 
average by more than 6 percent per year since 1975 
while the number of medkal school graduates has risen 
from 12,716 in 1975, to 16,347 in 1985." " Aaird- 
ing to NIH, 47 percent of 5,680 individuak seekbng 
postdoctoral research training in J975 were holders of 
clinical degrees. By 1980, only 36 percent of 5,321 in- 
dividuals seeking postdoctoral training held clinical 
degrees.'* NIH cites several pos tible fe»«ons for the 



>1ii»dtutc of Mcdidne, Pervonj/ Netii, op. dt. 

'•Anne E. Crowlfy, ct tl., Undeiv«duatc McHlcal Educt* -n," 
JomiMicfAeAmtrkmt}MkdAim)cU^ Stpt. 
27, IW, pp. 15W.1572. 

'Thomas E. Malonc, 'lUport on Rccniidng and RcCalnii^ Phy- 
•idam for Rctearch CMtnT (typcacript). National Inatitutes of 
Health, 1903. 

1 ^ « 
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decline in the number of physicians seeking research 
training. Young physicians may be discouraged from 
entering research careers because of the increasing dif- 
ficulty of staying current in two fields (clinical and re- 
search). There may be too little exposure to research 
in medical school because of the competing demands 
of an increasingly overloaded curriculum. Young phy- 
sicians, incurring a high degree of indebtedness after 
medical school, may not be willing to face the tra- 
ditionally lower pay of research positions versus 
practice. 

At the same time that interest in research seems to 
be declining among medical students, demand for 
faculty in the clinical departments of medicine remains 
strong, possibly because of the increase in professional 
fee income as a growing source of revenue. Fishman 
and Jolly have nuted that the expansion in the num- 
ber of medical schools over the past 30 years led to 
a greater than 25-fold increase in the full-time clinical 
faculty at American medical centers.^^ As of 1982, 
lOM reported that the market opportunities for clini- 
cal investigators continued to be favorable: Medical 
school faculties are still growing ^id providing places 
for young physician-investigate rs interested in research 
careers.^* 

However, after more than 30 years of continuous 
growth, there appears to be a decline in medical school 
enrollments that could continue as the coUege-age pop- 
ulation dedires. These declining enrollments could po- 
tentially reduce the demand for physician-investigators 
at medical schools, the principal employers of NIH- 
sponsored clinical researchers. Thus, although there 
is a recognized and widespread realization that the 
physician plays a critical role in clinical investigation, 
and current demand is fairly high, opportunities for 
this population could diminish. 

Another factor that affects the demand for physi- 
cian investigators relates to the sources of revenue for 
medical schools. The abtmdance of Federal support for 
biomedical research since World War 11 created a con- 
tinuous demand for trained biomedical research per- 
sonnel, and provided a sizable source cf income for 
medical schools with active researchers on their fac- 
ulties. 

Although research funds are intended primarily for 
the conduct of research, they also enable medical 
schools to expand the size of their faculties, and sup- 
port graduate students, research assistants, and fel- 
lows. Federal research support grew from 11 percent 
of medical school income in 1947 to nearly 30 percent 
in 1969.^' However, in recent years, this proportion 
has diminished, as medical schools rely increasingly 
on other sources of support. In 1983-M, Federal re- 

"•A.p/Fiihinan and H. Paul Jolly, "Ph.D/t in Qinical Depart- 
ments/' The Physioloptt, vol. 24, 1981, pp. 17-21. 

"Institut* of Medicine, Ptnotud Needs, op. dt. 

''National Academy of Sciences, Institute of Medicine, Costs of 
^ tfuoitfon in Health FrofessioM (Washington, DC: National Acad* 
^ my Prats, 1974). ^ 



search funds comprised only 14.4 percent of medical 
schools' restricted revenues." The uncertainty of rely- 
ing on competitive grants as a source of revenue, com- 
bined with a larger population in competition for 
limited ftmds has led medical schools to seek more 
reliable and controllable sources of revenue. Funds 
from professional fee income have grown at an annual 
rate of 25 percent between 1968 and 1981." The con- 
tribution of professional fee income to medical school 
revenues is now 32 percent of total ftmdi; as compared 
to 12.2 percent in 1970-71." More recently, research 
fimds have become available from nongovernmental 
sources. As Jolly and his colleagues note in their 19dS 
report on medical school finances:'* 

The growth of private, nongovernmental funding for 
health research and development is a phenomenon of 
rather recent origin. It may owe a part of its groivth 
to the investment tax credits legislated in the eariy 1980s 
for inaeases in research and development by industry 
and the rapid expansion of research investment by the 
pharmaceutical industry related to rDNA technology, 
a part of which involves medical school performers. 

Effectiveness of Federal Programs 

In 1984, lOM, in consultation with NIH, examined 
the extent to which NIH-supported graduate students 
have been successful in their pursuit of careers in bio- 
medical research. They reported that former NIH 
predoctorals have outperformed individuals receiving 
no direct NIH support in terms of sever;^l measures. 
More than two-thirds of the N'H-supported group 
completed their doctorates compared to less than 50 
percent of those receiving no support. In addition, the 
NIH group were more likely to have received NIH 
postdoctoral support and become involved at later 
stages in their careers in NlH-sponsored activities. 
They were more likely to have applied for and received 
NIH research grants. Last, former NIH trainees have 
written more articles and have received more citations 
than their biomedical colleagues who received no 
support. 

Establishing cause and effect in any program evalu- 
ation is difficult. The success of the NIH-supported 
group may be due to the assistance they received, but 
it might also be due to the higher levels of motivation 
and intelligence which caused them to be selected in 
the fl/st place. If so, there was a selection bias from 
the s^art and this group might have achieved the vari- 
ous aci omplishments without Federal support. Whether 

"H. Paul Jolly, et al., "U.S. Medical School Financef/'/ouma/ 
of theAmericut Medical Association, vol. 254, No. 12, Sept- 27, 
1985, pp. 1573-1551. 

"Institute of Medicine, Personal Needs, op. cit, 

"H. Paul Jolly, et al., "U.S. Medical School Finances, "/ouma/ 
of the American Medical Association, vol 252, No. 12, Sept. 2$, 
1984, pp. 1533-1541. 

"Jolly, et al., 1985, op. cit., p. 1577. 

''Institute of Medicine, Career Achievements, op. dt., 1984. 
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diey would have been able to complete the Ph.D. with- 
out Federal financial assistance is the critical question. 
It appears that the likelihood of completion has, in 
hd, inoeased. 

Summary 

Consistent Federal support for biomedical research 
in terms of funding of research and training has pro- 
duced both a substantial supply and demand for in- 
vestigators. This has had a largely positive effect. It 
has created a steady-state system in which there have 
been no major surpluses or shortages of biomedical 
personnel. However, it is a large system that would 
be difficult to reduce in significant ways without ma- 
jor dislocations. Unlike many fields of science, there 
is an in^tutional feedback mechanism between NIH 
and lOM that ensures a periodic assessment of the sta- 
tus of biomedical research personnel. This represents, 
to some extent, informed decisionmaking in the im- 
I^ementation of research training programs. The cur- 
rent number of trainees is quite close to the number 
recommended by the lOM committee. 

Virtually all biomedical investigators have com- 
I^flsCed tndiung iz the doctoral level. Nearly 60 per- 
cent of diem go on to postdoctoral appointments, com- 
pared to 23 percent of the Ph.D. cohort in science and 
engineering in the aggregate. Allocation of Federal sup- 
port to either predoctoral training or postdoctoral 
training is a method of fine-tuning that can potentially 
be used to control the supply of biomedical investiga- 
tors. This mechanism is exploited only in the biomedi- 
cal sciences. 

There appears to be no short-term shortage of basic 
biomedical scientists, although there may be some tem- 
porary shortages of special personnel in biotechnol- 
ogy. As indu*' jy innovates in biotechnology, there will 
be temporary shortages of highly specialized biomedi- 
cal research personnel, such as bioprocess engineers, 
molecular geneticists, and genetic engineers. In some 
areas of biomedical s^ence, there may be a surplus 
of trained Ph.D. scieni. its. While some Ph.D. biomedi- 
cal scientists may currently be having problems in ob- 
taining academic appointments, there is evidence that 
the rate of growth in industrial employment and self- 
cnqdoyment may partially compensate for the surplus. 
Academic employment has beci. increasing by more 
than 4 percent per year, industrial employment is in- 
I creasing by 8 percent, and self-employment is grow- 
I ing the fastest, at nearly 25 percent. While the post- 
I doctoral appointment has increasingly compensated 
! fur the lack of academic appointments, it is a short- 
term solution to the academic surplus that requires 
more extensive examination. Postdoctoral appointees. 
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do, however, conduct significant and important re* 
search in U.S. research institutions. 

There is, however, evidence that the Nation is fac- 
ing a potential shortage of clinical investigators, as 
fewer physidaiis pursue research careers. As fewer 
physicians enter into research careers, the potential for 
a widening gap between the direction of basic biomedi- 
cal research and the treatment of recognized disease 
states becomes greater. NIH has implemented fellow- 
ship programs to encourage medical students and new 
physicians to pursue research careers. 



Table A-2.— Federal Manpower Legislation Pertainins 
to Blonnedical and IMedical Personnel 



1930 RansdellAct created the Nationai Institutes of Health. 

1937 Amendments to the RansdellAct: established the Na- 
tional Cancer Institute which established the first Fed- 
eral biomedical research program. 

1944 Amendments to the Public Health Service Act: grants 
authorii/ to NIH for extramural research programs. 

1963 Health Professionals Education Assistance Act: estab- 
lished matching grants to assist in the construction of 
teaching facilities for schools of medicine and health 
professions, in response to the aggregate physician 
supply concern. Initiated a student loan program. 

1965 Medicare/Medicald: created new demand for medical 
care, and further pushed the drive for increased biomed- 
ical research. 

1965 Amendments to Health Professionals Education As- 
sistance Act: extended the construction and student 
loan provisions of original act. Established grants to 
health professions schools that increase enrollments 
(capitation). 

1966 Allied Health Professionals Personnel Training Act: 
authorized establishment of a health professions stu- 
dent loan revolving fund. 

1966 Health Manpower Act extended the constniction, basic 
and special improvement grants program, student 
loans, and scholarship programs. Institutional grants 
determined on a capitation basis. 

1971 Comprehensive Health Manpower Training Act: estab- 
lished four areas of authorization^construction grants 
for teaching and research facilities, capitation grants 
with an emphasis on certain curricular components, 
student assistance, and computer technology health 
cere demonstration programs. 

1972 Emergency Health Personnel Act Amendments: Pub- 
tic Health Service and National Health Service Corps 
Scholarships were established with awards contingent 
on agreement to serve in a shortage area 

1974 National Research Service Award Act: abolished and 
consolidated previous research trein^ng authorities un« 
der the Public Health Service Acl. 

1976 Amendments to the Comprehensive Health Manpow- 
er Training Act: capitation contingent on federally de- 
termined proportion of residencies in primary care. 

1 961 Omnibus Heconciliation Act: budget cuts in education 
in the health professions, elimination of capitation 
grants. 

SOURCE 0ffic« of T«chnolooy AtMttm«nl 




Appendix B 

Responses to an OTA Survey on 
information Needs Reiated to il/linorities 

in Science and Eingineering 



The literature on the factors that affect minority par- 
ticipation in science and engineering is not nearlv ?c 
weU developed as that for women. To supplement the 
few comprehensive studies on this subject to date, 
OTA sent a questionnaire on ''information needs re- 
lated to minorities in science and engineering'' to 40 
recognized experts in the field. Respondents were asked 
to present their views as to the causes of and remedies 
for problems in minority participation Li science and 
engineering; the effectiveness of existing intervention 
programs to promote such participation; and the need 
for further research, additional iniFormation, and pol- 
icy actions. Responses received from 18 individuals are 
stunmarized below, by question. 

1. What do you believe to be the principal factors that 
influence minorities' decisions to participate and con- 
tinue in sdence and engineering careers? Are there spe- 
cial factors that discourage minorities from partici- 
pating? 

The negative factors most commonly mentioned by 
respondents were: 

* lack of academic preparedness in elementary and 
secondary school (literacy and necessary science 
and mathematics coiu^s); 

* lack of role models, mentors and teacher en- 
couragement; 

® lack of parental support and encouragement; 

* lack of peer support; 

* inadequate career and academic counseling; 

* lack of confidence and perception of self; 

* financial strains; and 

* lack of awareness of career opportunities. 
Other negative factors included: 

* societal emphasis on sports, rock stars, and 
"quickie" models of success rather than a slow and 
sequential model; 

* loss of interest or motivation; 

* poor study habits; 

* lower educational and financial background 
(socioeconomic class standing); 

* dry unimaginativ e teaching; 

* lack of institutional commitment to minority 
students; 



• declining number of quilified teachers and lack 
of in-service training of»portunities for teachers; 

• increasing remedial classes; 

• identity problems (one respondent believes this 
is especially so for American Indians); 

• lack of sunmier jobs in science/engineering; 

• lack of cultural and society support for sder«ce; 
^ type and environment of undergraduate insii- 

tution; 

• lack of effective instructional programs to pro- 
mote cultural awareness and development of 
bilingual skills (especially Qiicano, Puerto Rican, 
and American Indian); and 

• lack of transitional instructional programs for stu- 
dents with limited English language skills. 

Positive factors for all minorities are: 

• competence in the English language; 

• early enrollment in math and science courses; 

• continuation of math and 9cien<:e sequence in sec- 
ondary school; 

• basic interest in science and math; 

• intervention programs; 

• encouragement and support from mentors, fam- 
ily, and teachers; 

• role models; 

• positive input from peer group with high expec- 
tations; 

• availability of financial resources; 
self-discipline; 

^ good study habits; 

• continued success; 

• challenge, 

• good environment; 

• intellectual gratification; 

• opportunity to obtain research experience; 

• second-generation college student (for blacks); 

• awareness of careers and opportunities in science 
and engineering; 

• starting salaries and possibilities for promotion; 
and 

• one respondent said the perception of a science 
or math career as an a/enue for "escape" from 
an undesirable environment. 
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2. Are there major gaps in information and under- 
ftanding relative to the factors which influence minor- 
ity participation in science and engineering? If so, 
pleadc identify. 

A majority of the respondents fdt that more infor- 
mation is needed on the experiences of minority stu- 
dents who are successfully participating in science and 
engineering. No major study exists on how graduates 
succeed in completing science and engineering pro- 
grams. Why not study those who made it, let them 
explain why, how, and where they came from before 
they completed a science or engineering degree? Study 
every member of several black, Hispanic, and Amer- 
ican Indian science and engineering societies to deter- 
mine what they have in common, and what their 
differences are. 

We do not understand the relative influence of the 
various factors that affect the participation of differ- 
ent minority groups in science and engineering. Little 
attention has been given to differences in cognitive 
styles that might exist for different minority groups. 
Many pieces of data, otherwise ''available,'' are not 
broken down by race and by sex, so that it is difficult 
to make full use of collected information. 

Successful programs have not been evaluated to de- 
termine how they work, why they work, and what 
they have produced. Further research is required to 
develop new strategies and programs that will en- 
courage minority students to pursue careers in science 
and engineering. 

3. What new research initiatives would you recom- 
mend to help provide the needed ixif ormation or un- 
derstanding relative to the factors influencing minor- 
ity participation in science and engineering? 

One of the most frequently cited recommendations 
was the need to improve the quality of mathematics 
and science programs at the pre-college level, includ- 
ing improving basic skills. Improving the quality of 
teaching was also highly recommended, and a need 
was expressed for approaches that would motivate, up- 
date, and retrain inner-city school teachers. Guidance 
counselors should be retrained and attuned to current 
opporttmities in science and math. 

Research is needed on the outcomes of programs 
specifically designed to recruit and maintain minor- 
ities in science and engineering. We know rdativdy 
little about which programs have succeeded and why. 
Previously supported programs that have had a strong 
positive educational impact should be examined for 
pos:^ible reinstitution. 

Financial aid is still crucial to enable minorities to 
attend and remain in college. 

There is a need to track students through the educa- 
tional pipeline; students who show an aptitude for 
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science and mathematics as early as junior high school. 
Participants in pre-college special programs should be 
tracked for 10 years after high school graduation to 
determine the relationship between program partici- 
pation and academic performance, retention in college 
and career choice. The relationship between career 
aspirations of minorities between grades K and 12 and 
their decision to participate in science and mathematics 
education should be examined. 

Research on the effect of role models and early ex- 
posure to science on career choice is needed. 

Current information should be made available, bro- 
ken down by race and sex. More efforts are needed 
to sort out the relative weight of the different barriers 
to minorities' participation in science and engineering. 

The whole web of cultural and social values should 
be examined in order to understand why Asians and 
Asian Americans as a group have successfully entered 
quantitatively based fields in disproportionately large 
numbers relative to their representation in the popu- 
lation, in spite of numerous barriers. We need to iden- 
tify factors at work in the case of individual non-Asian 
minorities, who successfully enter science and engi- 
neering fields. 

One respondent suggested the following additional 
studies: The family and educational backgrounds, and 
career pattern and experiences of minority scientists 
and engineers. Quantitative studies of high school stu- 
dents experiences in mathematics and science courses. 
The attitudes of teachers Zi\d parents regarding appro- 
priate candidates for science/engineering. A study of 
guidance counselors' familiarity with opportunities for 
blacks in science and engineering. More systematic 
evaluation of intervention programs. A study of the 
impact of the availability of financial aid on career 
decisionmaking. A study of high school students' ca- 
reer awareness with respect to opportunities in science/ 
engineering. 

As a final note, three respondents believed no new 
research was necessary. What is needed is action. 

4. In the recent past, a variety of programs and pol- 
icies have been initiated, on the Federal, State, local, 
and institutional level, to promote minority partici- 
pation in science and engineering. How effective have 
the programs and policies with which ycu are most 
familiar been in adiieving their goals? Can you cite 
specific examples of success or failure? 

Three programs were cited most often as successes: 
TheMathemat'Cs, Engineering, Science Achievement 
(MESA) program of the Lawrence Hall of Sciences in 
Berk ;ley, C A; the Philaddphia Regional Introduction 
for Minorities in Engu»eering (PRIME) program; and 
the Resource Centers for Science and Engineering. The 
Atlanta University Resource Center's Summer Science 
Enrichment Program was also mentioned. Only a few 
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of the respondents hLd actual knowledge of the pro- 
grams; most relied on hearsay. 
In terms of actual experiences one respondent stated, 

I created the first successful program to bring blacks 
into engineering in drca 1965-1968 at Oakland Univer* 
iity, Rochester, Michigan. In 1973 1 began a program 
to bring women into Engineering at the University of 
Virginia. We went from zero to the highest percentage 
of women in the Nation in five years. 
Another respondent reported first-hand knowlege 
of the following minority programs sponsored by Fed- 
eral agerides: Minority Research Initiation (MRI), Re- 
search Initiation in Minority Institutions (RIMI), Mi- 
nority Biomedical Research Support (MBRS), Minority 
Access to Research Career (MARC), Research Center 
for Science and Engineering (RCSE), and the Minor- 
ity Institutions Science Improvement Program (MISIP). 
Of the preceding programs, only the Resource Centers 
were conceived and planned to be comprehensive in 
approach. Through the respondent's experience with 
the Puerto Rico Resource C^ter, the respondent con- 
cluded that the only effective way to upgrade science 
education for minorities was to follow a holistic ap- 
proach in which resources are optimized to address 
different stages of the educational process. Most other 
programs tend to be targeted, rather narrow, and 
limited in scope. 

The same respondent stated that the MBRS and 
MARC programs have a strong overlap in goals, but 
nonetheless liave been extremely successful in en- 
couraging and orienting students toward biomedical 
research careers. The National Science Foundation 
(NSF) should be encouraged to consider the possibil- 
ity of creating equivalent programs in the physical 
sciences, mathematics, and engineering. The MR! at 
NSF has been particularly successful in starting young 
minority scientists in their research careers. Competi- 
tion for research funds is so keen that without the MRI 
programs, numy minority scientists might not be able 
to establish themselves as regular faculty members in 
research institutions. Lastly, the RIMI program has 
been crucial in providing infrastructure lur research 
in minority institutions although the funds available 
are not sufficient to remedy the seriousness of the 
problem. 

Other exemplary programs cited were: Project Act 
101 (Drexel University), Project Yes (University of the 
District of Columbia), Southeastern Consortium for 
Minorities in Engineering (SECME), A Better Chance, 
Inc. of Boston, National Action Council for Minor- 
ities in Engineering (NACME), Phillips Academy, and 
the Andover-Dartmouth Urban Institute intensive 4- 
week summer math matic program for second;*^ 
school teachers. 



The most successful programs have been those with 
clearly defined goals; stable financial support and sta- 
ble staffing; a range of support services; and strong 
ties to parents, professional societies, the local schoob, 
and other community groups. 

One respondent stated it this way: Most of the long- 
established programs are quite successful, but most 
suffer from inadequate long-term funding, inadequate 
long-term assessment, little funding for transfer of suc- 
cessful models, and the need to prove themselves over 
and over again. The Resource Centers were a success- 
ful program at NSF, but they are not being supported 
in 1985 because of the lack of long-term Rderal com- 
mitment. The decision to discontinue the program was 
made independent of the fact that it works. 
i\nother expressed disapproval: 

Most of the Federal, State, or local programs have 
not been the most effective use of resources. Programs 
have disappeared at the end of funding. Resources 
duplicated existing programs. California's investment 
in MESA and Washington's in the minority engineer- 
ing effort, are examples of how to build results^riented, 
long-term programs that hove multi-sector support and 
work with educational institutions for the benefit of 
parents. Many of the old NSF programs were e^»ctive 
in training teachers, but they are ended. 

5. What have we teamed from these programs and pol- 
icies; what specific factors appear to account for differ* 
ences in relative effectiveness? 

Evidence obtained to date from the many interven- 
tion programs indicates that women and minority stu- 
dents will do as well as white males when provided 
with quality education and support for their goals. The 
eariy identification of minority students with an apti- 
tude for mathematics and science, followed by a long- 
term enrichment and motivation piogram, has been 
shown to Ke an effective approach. 

Specific factors cited by one respondent as contrib- 
uting to the success of such programs were: 

• an effective liaison between primary and second- 
ary educational systems and higher education; 

• parental awareness and participation; 

• length of enrollment in the pre-college program; 

• adequate re:ources; and 

• a career development component. 
Activities with a large motivational content, where 

students are exposed to role models and to nontradi- 
tional \/ays of teaching science, were said to have a 
profound and permanent effect in encouraging stu- 
dents to continue careers in science. Special programs 
to train kindergarten to sixth grade teachers in the pres- 
entation and teaching of mathematical and scientific 
concepts, and the development of quantitative skills 
and scientific methods were cited as crucial if minor- 
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ity students are to be oriented toward science and 
mathematics programs in large numbers. Respondents 
stressed the importance of continuity in minority pro- 
grams. They must be comprehensive and maintained 
over a sustained period of time. 

One respondent sUted that the principal lesson 
learned from the Resource Centers was that a systems' 
approach is crucial to establish a comprehensive and 
cc^ierent plan to develop minority institutions into re- 
search centers and increase the number of students who 
go on to become research scientists and engineers. 

Other factors cited were: 

• hands on experience; 

• strong directors and able, interested staff; 

• opportunities for in-school and out-of-school 
learning experiences; 

• community support; 

• development of a peer support sytems; 

• evaluation; 

• long-term follow up; and 

• cardFul data collection, and mainstreaming. 

6. What additional information is needed to better un- 
derstand the causes of success ; .,1 falhire in programs 
and poUdcs that promote minority participation in 
•dcnce and engineering? 

Most of the respondmts felt that program evalua- 
tion is the most needed supplement to existiitg in- 
formation. This includes eva^-iation of intervention 
programs and policies for promoting minority partici- 
pation in science and engineering; all pre-coUege engi- 
neering, mathematics, and science programs; and cur- 
ricula of primary and secondary systems attended by 
minorities compared to ^hose attended by majority stu- 
dents. 

Further study and support of the following was also 
suggested: The current and future role of predomi- 
nantly minority institutions in the preparation ot stu- 
dents for quantitative fields, the presence and role of 
minorities in arenas where major science policy issues 
and decisions are being made, succesiful efforts at the 
undei^'aduate level to recruit and retain nanority stu- 
dents in quantitative Bdc!:, specific ways to effectively 
communicate with the minority conunimity about the 
importance of science and its applications in their lives, 
and the availability of computers to minority students 
and the ways in which they are being instructed to use 
them. 

Three of the respondents felt that no more informa- 
tion is needed, only action; the implementation of rec- 
ognized successful programs in education. 



7. What actions, if any, would you recommend Con- 
grcss take to promote minority participation in tdmot 
and engineering, or to develop a better understand- 
ing of the ^ors that influence minority partidpation? 

Most of tiiC actions reconrmiended for congressional 
consideration fell into three main categories: The estab- 
lishment and support of special programs for minor- 
ities in science and mathenuitics, strengtheniry: the 
quality of mathematics and science educatjo.. . * n- 
eral, and financial support for minority studeiu . 

Some of the types of programs cited as deserving 
of support were: programs to promote curriculum de- 
velopment in mathematics and science for minority 
students at the primary and secondary school level; 
programs that provide elementary and high school stu- 
dents with hands on exposure to science and engineer- 
ing; programs that encourage minority scientists and 
upper level minority science students to participate in 
minority science education; conununity-based pro- 
grams that utilize outside expertise, but maintain con- 
trol within local schools; programs aimed at increas- 
ing the number of students completing Algebra 1 and 
Biology 1 by the 9th grade, and the number of stu- 
dents taking and completing 3 or 4 years of mathe- 
matics, science, and English by the time they receive 
their high set x>l diploma; and the development of 
magnet schools for the education of students with a 
special interest in science. It was recommended that 
the Government provide summer enrichment pro- 
grams for minority students with talent and interest 
in science and mathematics, and reestablish the Re- 
source Centers program. 

Associated with program support was the need to 
improve instruction in science and engineering in gen- 
eral. Pre-coUege science and mathematics instruction 
in urban schools needs to be improved with an em- 
phasis on involving both sexes. There should be in- 
creased funding for research on effective teaching and 
learning of mathematical and scientific concepts and 
skills, with a reasonable proportion set aside to study 
populations at risk for low achievement on the fun- 
damental cognitive and conceptual level. We should 
continue informing the very young of opportunities 
in science and engineering, and educating the educa- 
tors. Finally mathenuitics and science education ir. gen- 
eral should be strengthened through special funding 
for equ^^^nent and teacher training. 

Financial support for minority students was sug- 
gested via various means: Establishment of "congres- 
sional scholars in science and technology" (a com- 
prehensive 3- or 4-year program of undergraduate 
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support, rebcarch, and work experience to ensure that 
talented minority students will not be lost to science 
and engineering because they are unable to pay the 
cost of first-rate college training in these fields). Two- 
vear scholarships could be awarded to a group of 
^ nority high school juniors, and to a comparable 
number of minority college juniors, who have dem- 
onstrated significant interest in and potential for suc- 
cessfully pursuing science or mathematics atudy at the 
next educational level. (Consideration might b*^ --'ven 
to targeting some of the proposed awards ' ents 
interested in pursuing science/ mathematics t iching 
careers.) Financial support to students could be in- 
creased, especially support not involving loans. No- 
interest or low-interest college loans could be provided 
to students with strong mathematics and science back- 
grounds who agree to teach mathematics and science 
courses in economically disadvantaged communities. 
A federally guaranteed, low interest loan program 
could be established and specifically designated for mi 
norities who indicate an interest in becoming scientists 
or engineers. 



Some respondents recommended an examination of 
the Department of Education and NSF programs for 
minorities to determine their effectiveness, and the 
need for additional financial support. Continuity of 
successful minority programs shouiu be the guiding 
factor in the determinaLion of funding by Congress for 
minority programs, in their view Such programs 
should be ' niainstreamed" into the - jgular educational 
process, whiTe possible. 

A number of respondent? called for a centralized 
organization to deal with t \e pr* olems of ir.morities 
in science and mathematics. A notional conference or 
hearing could be convened on min *rity participation 
in science and engineering. A commission could be 
established, composed of scientists and educators from 
the underrepresented groups as well as representatives 
from employers affected by ^he underrepresentation 
(e.g., universities, industry, national labs). A national 
office is needed, acr - "no to some respondents, to fa- 
cilitate r id cond' .^c activuies designed to increase mi- 
nority iticipation in science and mathematics. 



Office of Technology Assessment 



The Office of Technology Assessnient (OTA) wrs created in 1972 as an 
analytical arm of Congress. OTA's basic function is to help legislative policy- 
makers anticipate and plan for the consequences of technological changes 
and to examine the many ways, expected and unexpected, in which tech- 
nology affects people s lives The assessment of technology calls for explora- 
tion of the physical, biological, economic, social, and political impactb that 
can result trom applications of scientific knowledge. OTA provides Con- 
gress with independent and timely information about the potential effects— 
both beneficial and harmful— of technological applications. 

Requests for studies are made by chairmen of standing comiuttees of 
the House of Representatives or Senate; by the Technology Assessmen. 
Board, the governmg body of OTA; or by the Director of OTA in consul- 
tat ion with the Board 

The Technology Assessment Board is composed of six members of the 
House, SIX members of the Senate, and the OTA Director, who is a non- 
voting member 

OTA has studies under way m nine program c reas energy and materi- 
als, industry, technology, and employment, international security and com- 
merce, biological applications; food and renevv'able resources, health; 
communication and information technologies, oceans and environment; and 
science, education, and transportation 
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